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AUTHOR'S PREFACE. 



Tuberculin treatment was inaugurated by Koch in 
the 'nineties, and it seemed as though it was destined 
to oblivion for the medical world in consequence of 
numerous disasters, but, after many years, it has recently 
been resuscitated in the form of a reactionless treatment 
and is beginning to give satisfactory results in the hands 
of many a skilful practitioner. But for the clinician who 
wishes to take up tuberculin treatment, neither is the 
phrase '' reactionless treatment " in itself a complete 
guide to technique, nor does the mere principle afford any 
help in the selection of cases and in that proper apprecia- 
tion of success and failure which is essential for the 
improvement of results. In every department of therapy, 
the practitioner who turns his knowledge to the best 
practical account is not the one who employs remedies by 
rule of thumb, but who, with reason and senses trained to 
the observation of Nature's workshop, knows exactly what 
he does and what he has to expect. This is doubly true of 
tuberculin treatment, for here the conditions are so com- 
plicated that the good often lies but a hair's breadth from 
the bad. Herein lies the application of the motto on the 
title-page of this book. 

The recent increase in the employment of tuberculin 
led me, about a year and a half ago, to present to the 
medical public a careful and critical analysis summarizing 
our knowledge of the action of tuberculin, and the inti- 
mately connected problems of cure and immunity in 
tuberculosis. This took the form of a third enlarged 
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iv. author's pbeface 

edition of a work which previously appeared in the 
Correspondenzblatt ftir Schweizer Aerzte. For it has been 
impressed upon me that the especial need of many 
practitioners is a sufficiently intimate knowledge of the 
complicated factors concerned in the cure of tuberculosis 
and the action of tuberculin, as they so often assume that 
these are simple immunizing actions. From such a 
shallow study there results not only bad choice of cases 
for tuberculin treatment and faulty technique, but also 
a lack of accuracy in judging the results. This lack of 
judgment can never be supplied by statistics and leads to 
aimless and unscientific experimenting with all possible 
kinds of tuberculin, resulting only in false conclusions. 

In my attempt here to outline a rational basis and 
scheme for the modern tuberculin treatment, which 
I regard as one of the most important problems of 
therapy and a great advance in the modern campaign 
against tuberculosis, I have been fortunate in securing 
for the translation the able assistance of Dr. Morland 
and Mr. Cbristopherson, who have undertaken the 
difficult task of translating complicated trains of thought 
with no little ability and devotion. I have myself looked 
through the proof of the English text and tender them 
my sincere thanks for the skilful way in which they have 
accomplished the task. 

I trust, then, that this English translation of my work 
may help to pave the way for a better understanding of 
a truly rational tuberculin treatment by doing away with 
the hard-and-fast routine which still rules in many places 
and to incite its opponents to that study of the question 
which it deserves. 

Berne, Hermann Sahli. 

Febricary 5, 1912. 
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INTRODUCTORY NOTE. 



This monograph by Sahli emanates from the Clinic at 
Berne which, even in greater measure than Switzerland 
generally, is cosmopolitan in its views and outlook. The 
work may be taken as typical of the best methods of the 
Berne School, based as it is on original observations 
carried out in the Clinic over a period of years previous to 
publication — work comparable with that of Kocher or 
Langhans in the sister faculties of surgery and Pathology. 

For reasons which Professor Sabli emphasizes in the 
text the book deals almost exclusively with tuberculin 
produced by Professor Beraneck at Neuchatel; but the 
principles enunciated are of general application and there 
is nothing to prevent the book being taken as a guide 
to the administration of any kind of tuberculin. 

Tuberculin Beraneck was introduced into British 
practice by Dr. R. W. Philip of Edinburgh, who employs 
a series of dilutions on a decimal scale which thus differs 
from Sahli's series of dilutions where each is but twice 
as strong as the preceding letter. The table on the 
following page gives the relation between these two 
scales, which coincide exactly at one point only — Sahli's 
being identical with Philip's TBkg; and approximately 
at a second useful point — A/256 being practically identical 
with TBkg.* 

The translation has been done for me by my laboratory 
assistant, Mr. W. B. Christopherson, from the third 

* The agent for Professor Beraneck s tuberculin in Great Britain is 
Mr. A. E. Stewart, Lynedoch Place, Edinburgh, from whom the 
various dilutions, according to either scale, may be obtained. 
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IMTBODUCTOBY NOTE 



enlarged German edition of *' Tuberknlinbehandlung und 
Tuberkuloseimmnnitat " (Benno Schwabe and Co., Basel, 
1910). Professor Sabli has made alterations and addi- 
tions bringing the work up to date, and has also written 
a new preface for the English edition. 



Arosa, Suritzerland, 
March, 1912. 
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2 PRACTICAL PART 

Bequests have reached me from many quarters for 
my views on and experiences of tuberculin treatment, 

since the necessity is ever increasing for 
Reaioiii for ^^® practitioner to look into the question. 
Writing. ^g J ]^a,ve been working for more than 

ten years on the theory and practice of 
this subject, I feel obliged to accede to the request, 
especially as I am convinced that tuberculin treatment 
is not always carried out on correct principles, and thus 
the patient is frequently rather harmed than benefited. 
On this fact depend the striking differences of opinion 
of the value of tuberculin treatment. 

Mistakes in the employment of tuberculin arise largely 
from the fact that for the doctor who has not the oppor- 
tunity to follow up all the rich literature of 
fSSSL to experimental therapy in infectious diseases, 
xi^^e^^. ^* ^^ hardly possible to find time to study 

all the theories of present-day literature, 
sometimes mutually contradictory, and often going 
beyond the facts : for it is unfortunately more and more 
evident that the various writers move only in their nar- 
row circles without working from comprehensive clinical 
standpoints, and do not attempt to put together into one 
picture the multitude of their experiences.* 

The practitioner, then, chiefly suffers from the fact 
that medical research is becoming more and more 
divided into work of perplexing detail, which is only 
of value when its results are simplified and abridged 
and are considered from broader standpoints. 

* Simple phagocytosis with or without opsonin is held by some 
to be the essential point in the cure of infectious diseases; others 
put all their trust in bactericidal actions, others in antitoxic actions 
and so on. One often fails to realize with what wonderful precision 
the various functions of the organism are balanced and adjusted 
to each other, and how full is the organic world of complicated 
combinations of actions, all heedless of the resulting difficulties of 
comprehension. 
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medium (peptone, &c.)> and which unnecessarily raise 
the toxicity of many tuberculins without increasing their 
power of immunization. It is not necessary, at this 
stage, to discuss the properties peculiar to Beraneck's 
tuberculin ; it is fully described in the second section of 
the book ; further information is found in Beraneck's 
treatise. 

Although striking cures are obtained with all tuber- 
culins, it is nevertheless necessary, in order to use them 

correctly, that it be clearly understood that 
TalMreoliB they possess no direct healing power, no 
SpMlfle. antidote other than tubercle-toxin. The 

application of tuberculin is, then, different 
in principle from that of a true specific ; for instance, 
there can be no resemblance between tuberculin treat- 
ment and the serum treatment of diphtheria; it is 
owing to such mental confusion, which is evident in 
faulty methods of practice, that tuberculin treatment 
which, when carried out on correct principles, is one of 
the greatest advances in modem therapeutics, has been 
to some extent discredited. 

We shall not get a proper understanding of tuberculin 
treatment without first explaining the sense in which 
tuberculin is the toxin of tuberculosis {cf. Theoretical 
Part). To show the necessity of making a more exact 
study of the toxic nature of tuberculin, I need only point 
to the striking fact brought to light by recent investiga- 
tions, that healthy animals can tolerate such large doses 
of tuberculin* that one might easily make a false estimate 
of the toxic nature of these substances if it were not 



* For example, a healthy guinea-pig tolerates 1 to 2 grm. ol Kooh's 
old tuberculin, and over 10 c.c. of concentrated tubercnlin Beraneok, 
62^ times stronger than the strongest solution (H) of this preparation 
used for treatment. 
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possible to a very high degree not only in the healthy 
bat also in the tabercaloas, is evident since the tolerance 
of tuberculin in the tuberculous can be raised a million 
times by gradual increase of dose. The second part of 
this book gives the theoretical explanation of this tox- 
immunity and the proof that the actions of tuberculin 
are, in principle, identical with the toxic actions of 
natural tuberculosis, a proof of fundamental necessity 
for tuberculin treatment. 

This immunizing process is analogous to the natural 
process of hardening in which, as in many other cases, 

it is a question of raising a natural capacity 
Reaetioiii to present in the organism of reacting to the 
Tabercnlin. tubercular toxin. Such reactions are clearly 

in the end only of a chemical antitoxic 
nature ; but these antitoxic actions are of quite a different 
kind from those on which the serum treatment of diph- 
theria and tetanus are based. By means of such in- 
creasing reactions, the body succeeds not only in 
tolerating increased quantities of the tuberculin injected 
but also in rendering innocuous the toxins produced in 
the tubercular foci. 

It must not be thought, however, that tuberculin treat- 
ment is only directed to tox-immunity ; for such a tox- 

immunity to the tubercular toxin is, as will 
Outlines of ^^ explained in the theoretical part, impos- 
Lytio aeiion. gjy^ without certain irritative actions or 

reactive processes of the toxin, partly 
general, partly localized in the foci ; these irritative 
actions are also of importance for tuberculin treatment. 
To get a clear idea of these irritative actions and of 
the whole clinical conception of the working of tuber- 
culin, I will trespass somewhat on the theoretical 
section : according to the doctrine of Wolff-Eisner,* 
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origin, are called tubercular intoxicatiou, if a result of 
artificial tuberculin injection, general tuberculin reactions. 

It must now be assumed that the organism reacts by 
the formation of antitoxic antibodies to the local and 
general action of the tuberculin which has been lysinized 
and is therefore toxic. 

According to this idea, then, the increase of toxicity 
of the tuberculin by the action of lysin is the inter- 
mediate step in the ultimate '' detoxication " of the 
lysinized tuberculin by antitoxin. 

The existence of these antitoxic bodies is difficult to 
prove directly, as will be shown in the theoretical part ; 
but apart from the fact that certain attempts at proof 
have been successful, their existence is a necessary 
postulate for the explanation of the healing action of 
tuberculin and the possibility of an increasing tolerance 
to increasing doses of tuberculin. 

The antibodies of tuberculosis of which we shall speak 

are, then, of two kinds : (1) The primary lytic antibodies^ 

with which the tuberculin and tubercle- 

The Anti- bacilli combine to form toxic decomposition 

bodies of . 

TubepculoBis. products, by means of which we must assume 

that the tubercle-bacilli are, if not at once 
destroyed, at least weakened; these decomposition pro- 
ducts cause the general and localized irritative actions. 
(2) The secondary antitoxic antibodies which act against 
the toxic actions of the lysinized tuberculin and the 
lysinized tubercle-bacilli. 

We shall see that great importance is to be attached 
not only to the secondary specific antitoxic actions but 

also to local irritative actions caused by the 

The Matoral lysinized tuberculin, since these latter render 

CupatiTe . . . 

Facton. active the non-specific curative forces of the 

organism: these are, for instance, the in- 
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slight as to render the anti-action to the advantage of 
the organism ; for if it proves too strong, it can only 
promote its destruction. Therefore, even if not all 
clinically perceptible tuberculin reactions, which, since 
the time of Koch's discoveries, have shown them- 
selves in febrile phenomena and extension of inflamma- 
tion in the tubercular foci, are necessarily dangerous, 
clinical observation has nevertheless definitely proved 
that from the time when those climcally manifest 
signs of reaction occur in tuberculin treatment it 
becomes two-edged and its action uncontrollable, since 
the organism is not always able to compensate the 
tissue-damage at the root of the reactions. It cannot 
therefore be sufficiently emphasized that a tuberculin 
treatment which seeks to do more than exert quite a 
gradual influence on the rousing to action of the two 
healing processes in the natural recovery from tuber- 
culosisi is two-edged. The attempt, in tuberculm treat- 
ment, to force the cure in a so-to-speak heroic manner 
by the production of reactions such as the raising of fever 
and the incitement of local inflammatory phenomena, 
may, indeed, be occasionally successful, but is never 
under control and always a source of danger. 

The tendency in tuberculin treatment of restraining 
by careful dosage, and as far as possible avoiding reac- 
tions, has made itself felt in the tuberculin 

Pioaaen of literature of the last few years. As far as I 

RsMtlonloii .... 

Method. know, the possibilities of a reactionless 

tuberculin treatment were first pointed out 

by Lichtheim^ and it was first practised by Gotsch,* 

who has thereby done very real service to tuberculin 

treatment. The claims of the treatment were then 

confirmed by Denys^ and SchnoUer.^ My own clinical 

experiences, previous to and independent of the informa- 
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the organism does not of itself attain this tox-immanity 
to the tubercular toxin, does not contain in its foci the 
spontaneous incitement to heaUng, and what advantages 
artificial tuberculinization can offer over natural tuber- 
culinization in such cases ? Two essential circumstances 
bear on the seemingly paradoxical fact that such advan- 
tages do exist and create more favourable conditions for a 
tox-immunity due to tuberculin injections ; these are : — (1) 
That by subcutaneous injection only a small part of the 
toxin goes to damage the tubercular foci, the larger pro- 
portion being rendered innocuous in the healthy organs 
and causing the production of antibodies : in the natural 
course of tuberculosis, the toxin has mainly a local, 
harmful action without displaying a sufficient general 
healing action ; and (2) that in the natural course of tuber- 
culosis, especially of early cases, the toxin production is so 
gradual that the irritative action causing the formation 
both of the primary lytic and of the secondary antitoxic 
antibodies may easily prove less than that afforded by 
subcutaneous injection, when the tuberculin is at once 
diffused into general circulation. 

Thus, by tuberculin treatment, not only the antitoxic 
forces of the organism are increased but also the lytic 

actions at work in the foci ; these both 

weaken the tubercle-bacilli, and also incite 

the local healing forces by local toxic action. 

It is quite conceivable that in the natural 

course of tuberculosis, especially in early cases which are 

the special object of tuberculin treatment, these two 

influences come insufficiently into play. Further, in 

comparing artificial tuberculinization by isolated doses of 

the toxin with the continuous natural tuberculin action 

of natural tuberculosis, it will at once be realized that the 

temporary tubercuUn actions naturally do not do the same 
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and with the fact that so far no immunization of animals 
by chemical tubercle- toxin has proved successful. This is 

very different from the ordinary conditions 
nS^oltlet of ^o^ immunization, well-illustrated in diph- 
TMataei^ theria, when an infection is completely cured 

when the organism possesses a high tox- 
immunity or a large amount of antibodies. The con- 
dition for the cure of tuberculosis by immunization is not 
merely that of a general tox-immunity to tuberculin; 
the antibodies produced by the treatment are certainly 
present at the site of the tuberculous disease, but the 
avascularity of the foci prevents their penetration in 
sufficient concentration to the heart of the tuberculous 
tissue ; they are thus prevented from displaying their 
protective action. The presence of the tubercle-toxin in 
the foci in a very high degree of concentration further 
helps to make the problem a very difficult one. A parallel 
to this last factor is found in the fact that even quite 
large doses of ordinary diphtheria-antitoxin are not able 
to counteract the effect of the local inflammatory action 
of injections of strong diphtheria -toxin (quoted from 
Wolff-Eisner, loc, cit. p. 237). So in the standardization 
of a diphtheria-serum by its action on the local inflam- 
mation caused by diphtheria-toxin, the serum must be 
injected at the same place as the toxin. A further 
analogy is to be seen in the experience that diphtheria- 
toxin produces cutaneous reactions in children suffering 
from diphtheria even after previous injection of three to 
five thousand units of antitoxin ; the general action is 
not sufficient to neutralize the toxin at work locally in 
high concentration. In addition to the difficulties caused 
by the high concentration of the tubercle -toxin in the 
foci, there is yet another ; the micro-organisms, as in all 
infectious diseases, are able so to adapt themselves to the 
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logically correct, but tbey cannot get over the fact that 
it is not possible to immunize against living tubercle- 
bacilli by chemical tubercle-toxins; even if some new 
technique made this possible, the clinical facts of the 
cure of tuberculosis would still be right, that even a high 
degree of tuberculin immunity (insensitiveness to the 
largest doses of tuberculin) does not necessarily cure the 
tuberculous process and that tuberculosis can be cured 
without general tuberculin immunity. It must be 
granted, then, that the local tox-immunity, if this desig- 
nation may be given to the cause of heahng, is quite 
a different thing from the general tox-immunity. 

The healing of tuberculosis is, then, independent of 
general tubercle tox-immunity; this is only to be ex- 
,-^ ^ plained by assuming that local neutraliza- 

Independent tion of the toxin of living tubercle-bacilli 
TM-lmmmiity ^^ attained by other means than the general 
Loeal Faetorf. tox-immunity, which merely assists the 
process but is not the direct cause of it. The means the 
organism has at its disposal for the local detoxication of 
the tubercular foci are not far to seek. They consist of 
the non-specific means mentioned on pp. 8-9, which are 
contained in the inflammatory process. One need not 
be an adherent of the phagocytic school in its original, 
uncompromising form, to realize how many useful factors 
are provided by inflammation. The most active are the 
rich currents of blood and lymph in the inflamed part, 
the action of complement contained in the inflammatory 
exudate and the accumulation of cellular material in the 
form of leucocytes, blood-platelets and lymphocytes. 
With the aid of these forces, the tubercle-toxin is ren- 
dered innocuous by a purely local process ; this consists 
of two parts : — 

(1) There are, in the tubercular foci, large quantities 
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In addition to their oxidizing action, the leucocytes possess a most 
important ferment action, a tryptic action discovered by Miiller, 
Kolaczek and Jochmann, though, strangely enough, Miiller and Peisner* 
consider this detrimental to the course of an inflammatory process. 
They hold that the tryptic leucocyte ferment, collecting in large 
quantities during suppuration, melts away the tissues and aids 
the progress of the suppuration. Starting from this standpoint, the 
writers have founded and tested a so-caUed anti-ferment treatment 
of suppurative processes. Normsd blood serum contains an anti- 
ferment of this leucocyte ferment ; the treatment consists in the 
injection of the normal serum with a view to restraining the sup- 
puration. It is asserted that favourable results have thereby been 
obtained, suppuration having been quickly dried up and the tissue- 
destruction reduced to a minimum. When one considers the extra- 
ordinary adaptability of the animal organism, it does not seem possible 
that the tryptic ferment of the leucocytes, otherwise of very real value, 
can have such a defect. If then, as I do not doubt, the tryptic 
ferment does cause tissue-destruction, is it not probable that in the 
severe infections, where so large a quantity of leucocytes is produced, 
this destruction is really advantageous to the organism, as the 
discharge from the abscess formed totally eliminates the harmful 
elements ? I admit that such a useful arrangement may overshoot the 
mark, examples of which are frequent in pathology. Reflex muscle 
contractions are very useful as a means of defence against injury, but 
bones can be broken in this way. But is it not probable that only those 
parts of the tissues are destroyed by the tryptic action of leucocytes 
which are already doomed to necrotic destruction by the action of 
bacteria? The favourable action of the anti-ferment serum injected may 
not depend on its anti-ferment content ; it may simply be equivsJent to 
the injection of normal serum into the inflamed tissues, bringing to the 
point of action what I have called inflammatory antibodies which help 
to neutralize the toxin. Such antibodies are, indeed, supplied in the 
exudation fluid, but perhaps in insufficient quantity. May not, then, 
this so-called anti-ferment treatment be merely a kind of serum treat- 
ment with normal serum, analogous to that which I have recom- 
mended for therapeutic trial in general infections in the form of 
subcutaneous injections of large quantities of normal human serum ? 
A suggested method of treatment is found in the Correa-Blatt fur 
Schwdzer ArztCj No. 20, 1909. 

If it be objected that the ferment must also serve some useful 
purpose, I naturally agree, but must point out that this could not be 
if, in the inflammatory process, the ferment and anti-ferment simply 
neutralized each other. In this case. Nature would have dropped 
the proteolytic ferment. The anti-ferment action is clearly not 
directed to the process of inflammation but to the circulating blood 
where, indeed, the tryptic action of the leucocytes must be suppressed 
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on anthrax-bacilliy or a more general one, the authors 
do not state ; they maintain, however, that these sub- 
stances are distinct from serum-alexin. The action of 
injections of collargol in infections is often explained 
by the setting free of protective bodies by the destruction 
of leucocytes,^^ and these are clearly analogous to the 
inflammatory antibodies I have suggested. 

It is further very probable that in infections, the 
leucocytes, acted upon by the antigen, also form specific 

antibodies. Pfeiffer and Marx and Wasser- 
Speeific mann have shown that immune bodies 

AntibodiM of . . 

the Leaoocytei. originate chiefly from the bone-marrow ; it 

can, therefore, almost be taken for granted 
that the leucocjrtes, as travelling representatives, so to 
speak, of the bone-marrow, still continue to supply such 
specific antibodies after their emigration from it. This 
view agrees with the researches of Metschnikoff^^ who 
ascribed the origin of antibodies in large measure to 
the breaking down of phagocytic elements. Petterson 
and von Salimbeni,^^ too, found that the injection into 
the pentoneum of washed leucocjrtes of animals im- 
munized against the vibrio of Metschnikoff, could protect 
other animals from infection by the vibrio, and this not 
by phagocjrtosis, but by a bactericidal action of a purely 
chemical nature during the disintegration of the 
leucocytes. 

We come to the conclusion, then, that in the healing 
of local tubercular foci, certain antibodies play a part ; 
TaberenUn these are not all specific or immunizing in 

Treatment the real sense of the words ; some have 

inoFeMes the 

Inflammatory perhaps a certain immunizing action, but 

Antibodiei. ^^^ formed and act locaUy. These will aU 
be included under the general term " inflammatory anti- 
bodies." In view of what has been said about the 
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whether such a reaction is also a reaction in the biological 
sense of the word as generally used in medicine, a success- 
ful opposing force to the damage done by the toxin ; the 
word should not, therefore, be used with this entirely 
favourable significance in tuberculin treatment. It would 
be much better to drop the word altogether, and substitute 
the tenn " local toxic action " or '' increased toxic inflam- 
mation." This seems hardly possible, however, as the 
word " reaction ** has become so thoroughly naturalized 
in the terminology of tuberculin treatment. 

Thcmo remarks apply also to the febrile and other 
phenomena usually accompanying local reactions which 

are so often optimistically described by the 
MwtllM term ** general reactions," which does not 
iMoiiom. convey a correct idea of their true signin- 

cance. They, too, must be avoided, since 
they are generally the expression of at least a temporary 
aggravation in foci which otherwise only give rise to 
fever when the patient is not doing well. In tuberculin 
treatment, focal reactions often take place without any 
general reactions and similarly general reactions without 
focal reactions. General reactions are, of course, caused by 
the general toxic action of the lysinized tuberculin, and the 
question must therefore be decided as to whether the causa- 
tion of fever in itself serves any useful purpose. A useful 
purpose was once ascribed to a reactive treatment of this 
kind since it was thought that the fever of infectious 
diseases was in itself a healing factor. The organism 
responds to so many, indeed to nearly all infections, with 
fever, and the capacity for fever is seen throughout its 
phylogenetic development. These two facts have led 
many to see a useful agent in fever itself. 

This assumption, however, is corroborated by a sec- 
tion only of the experimental research into the value or 
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little heat) to the organs damaged by the toxin. Details 
of this fever theory are given in my '* Lehrbuch der 
klinischen Untersuchnngsmethoden/' 6th edition, pub- 
lished in 1911-12. If this idea is accepted and the rise 
of temperature regarded as a more or less miessential 
sign of these circalatory events, it is not difficult to 
realize that the fever may sometimes have a favourable 
action, sometimes an unfavourable one ; even in the same 
case and at the same time it may be both useful and 
in other respects harmful. The factor which is always 
of value in these processes is not the increased body 
temperature but the changed circulation which brings 
a richer blood-supply to the internal organs damaged by 
the cause of the fever and thus helps to restore them 
to a normal condition ; it is to this factor that the 
organism has undergone phylogenetic adaptation. This 
advantageous adjustment of circulation may, however, 
be more than counterbalanced by the damage caused 
by the rise of temperature. 

The conclusions we have arrived at with regard to 
this alleged value of fever make it quite evident that one 

is not justified in provoking febrile reactions 

Febrile in tuberculin treatment. Any possible value 

Reactions not , , • i • i . . - 

Jnitifiable. they may possess is certamly not present in 

every case ; even if it were, before the real 

utility of febrile reactions could be proved, it would have 

to be shown that any power the fever might have in 

eliminating the damage caused by the tuberculin (just 

as the useful side of the inflammatory focal reactions) is 

not more than counterbalanced by the damage itself, and 

a negative balance left for the body. 

It follows, then, that the tuberculin dosage should be 

so regulated that as far as possible both focal and 

general reactions are avoided. This regulation vnll 
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treatment, often enough not on account of, but in spite 
of the reactions. Further explanation is unnecessary. 
The recommendation of a tuberculin treatment with 
manifest reactions is, then, illogical ; it trades on the 
successful cases alone, and ignores the many failures 
which show the reverse of the medal, and bring discredit 
upon tuberculin treatment in the lay mind. For the 
high degree of tuberculin action, especially of tox- 
immunity, obtained by forced treatment, can just as well 
be reached without manifest reactions, admittedly more 
slowly, but avoiding all danger. The reactive changes 
which bring about a cure are, as we have seen, by no 
means excluded by this method. In face of the dangers 
of manifest reactions, the longer period of treatment in a 
disease which is itself of long duration does not come into 
consideration. 

Proofs of the doubled-edged nature of manifest tuber- 
culin reactions are not hard to find : the incorrect 

technique responsible for the unfortunate 
Proofs of its experiences of the 'nineties almost entirely 
HatoM. discredited tuberculin treatment for many 

years. Wolff-Eisner (loc. cit. p. 209) has 
collected and published a large number of cases of harm- 
ful effects resulting from the diagnostic tuberculin 
reaction ; he rightly insists, therefore, that bad results 
of forced tuberculin treatment are much more frequent ; 
further, that the ill-effects resulting both from diagnosis 
and treatment are only published in the small minority 
of cases, since the opponents of tuberculin, not using it, 
have nothing to report, while, on the other hand, adherents 
of the treatment do not publish the majority of the ill- 
effects produced because, under subconscious influence, 
they ascribe any relapse to an intercurrent aggravation of 
the disease independent of the tuberculin. 
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step-like actions of the antigeu must take place, since it is 

a question of stimuli which have to pass a certain limit ; 

this law is by no means violated by a mild 

necetsitatet treatment, even though all perceptible re- 

®?M*!I?/®*^*'^' actions are avoided. The fact that in injec- 
of Antigen. * 

tion treatment the tuberculin all at once 
reaches the circulation is one of the advantages of tuber- 
culin treatment over the spontaneous absorption of tuber- 
culin: sudden reactive actions necessarily accompany 
injection treatment even though they are not clinically 
perceptible. The mental perception alone can recognize 
them, but with no less certainty. It is generally accepted 
that in the cure of other infectious diseases such imper- 
ceptible processes of reaction play a decisive 
EzamplM in P^^* Who has ever actually seen the im- 
Infootlons munizing reactions in enteric fever which 

undoubtedly effect the cure of this infection ? 
By hsematology alone can they be recognized in the 
characteristic leucocyte-curve first observed by Nageli.^^ 
The alternate critical days in pneumonia pointed out by 
Traube undoubtedly represent immunizing reactions 
repeated at forty-eight-hourly intervals. Yet these re- 
actions are usually unnoticeable, and only in excep- 
tional cases is the last decisive reaction apparent as a 
perturbatio critical a temporary aggravation of the condi- 
tion. Many examples may also be found in experimental 

pathology of the fact that a rich production 
andin Bxperi- of antibodies may take place without any 
logy. manifest signs of reaction. Thus Knorr ^^ 

discovered that the injection into the hen, 
a creature very insensitive to tetanus, of the tenth part 
of the amount of tetanus-toxin necessary to produce 
symptoms, calls forth a vigorous production of antibodies. 
I am therefore convinced that even the mildest injec- 
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must often be reduced to ^ c.c. Fig. 3 shows the 
actual course of dosage in absolute quantities of tuber- 
culin as contained in ^ and illustrates the graduation I 
have recommended ; the supposition is made that no re- 
actions occur to prevent the ideal regular raising of dose. 
With regard to the frequency of the injections, I re- 
commend that these should be given not more often than 

twice a week ; in the case of the stronger 
FFequency of solutions (perhaps from C onwards), only 
lAjeotions. once a week, and after the maximum dose 

is reached, as seldom as once a fortnight. 
We know from experiments in all kinds of immuniza- 
tions that after an immunizing dose of toxin, unless quite 
a small one, the organism always takes a not inconsider- 
able time to overcome the toxic action and fortify itself 
against it by forming the necessary amount of antibodies. 
Consequently, the immediate result of an injection of 

toxin is a so-called negative phase of im- 
The Negative munity (Wright) during which the organism 
Phase. is in a state of hypersensitiveness, having 

used up its antitoxic substances. Only when 
the organism is again enriched by these antitoxic sub- 
stances, does the positive phase occur, which is evidenced 
by decreased sensitiveness. These considerations clearly 
show that if the injections are too frequent, there is a 
danger of overloading with toxin. Therefore if the tuber- 
culin doses are of any considerable size, time must be 
allowed for the organism to recover from each separate 
dose ; experience shows that this generally takes at least 
three days if no reaction occurs or only a very slight one ; 
on the other hand a much longer time is necessary if 
there are any considerable signs ot reaction.* 

* By his method of estimating the opsonic action of the serum, 
WrighJb ha&Bhofffrn the J^gth pf ijj:^^ jiega1(iye e^d positive phases of 
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course is to reduce the dose by at least a half after at 

all a pronounced reaction. In merely slight 

and Method reactions, a smaller reduction may some- 

of Dealing ^ 

with them. times suffice. Any hard and fast rules for 

this cannot be given, for everything in tuber- 
culin treatment is individual. Unless one has had a good 
deal of personal experience in the matter, the best rule to 
follow is : better too little than too much tuberculin ! 
This cautious procedure naturally prolongs the treatment, 
but it has the advantage of absolute freedom from danger. 
Good estimates of sensitiveness and the necessary reduc- 
tion of dose can be made from observation of the way in 
which a patient has recovered from previous reactions. 

Occasional ^ ^^^^ pronounced reactions it is also ad- 
Necessity for visable, after the reaction has subsided, to 
Temporary . . • .. -, . , 
Baspension of omit one or two injections and give the 

Treatment. patient complete rest for at least a week: 
under all circumstances, before a fresh injection is given, 
all signs of reaction must have subsided for at least two 
days. 

Cases are sometimes met with whose sensitiveness is 
80 great that even starting with quite a low dose and 
Recommence- graduating it most carefully, reactions 
Treatment nevertheless occur again and again, and 
from beginning ^j^g hypersensitiveness so increases that a 
necessary. moderate reduction of dose is insufficient to 
restrain the reactions. In these cases the cure must 
occasionally be recommenced from the very beginning 
with the lowest doses. By this means, the goal of tox- 
immunity is often eventually reached. Cases are by no 
means infrequent in which the greatest difficulty is 
experienced in obtaining tox-immunity to the low doses, 
but if once a foundation is laid of tox-immunity, there is 
but little difficulty in the way of progress. 
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An explanation of these deferred signs of reaction is given 

in the Theoretical Part (pp. 137 and 178). Although these 

late reactions call for special care in dosage, they do not 

necessitate such a large redaction of dose as immediate 

reactions. 

A question which calls for most careful attention is 

how large a rise of temperature must be to rank as a 

febrile reaction. A rise of merely 4-5 tenths 

Bite of of a degree F. or 2-3 tenths of a degree C. 

Temperatiupe 

as a Reaction, must be considered as a febrile reaction if 

the time of its occurrence clearly shows 
that it is the result of an injection, that is to say if it 
occurs on the day of injection or the following day : this 
rise is still to be considered as a reaction even when the 
temperature never exceeds 98*4^ F. or 37° C. These 
comparative measurements must, of course, be taken at 

the same time of day. Such small rises of 
Bnmmation temperature are often neglected and no 
ReactionB. alteration made in the dosage. It is, of 

course, quite true that no considerable harm 
can result from such small tuberculin actions ; the objec- 
tion is, however, that experience shows these small re- 
actions to be a warning sign ; it often happens that if 
they are neglected and the dose increased as usual, the 
practitioner is surprised by a sudden acute summation 
reaction after one of the following injections, resulting 
from the hypersensitiveness of the patient. These may 
do a good deal of harm and put the patient back. It is 
often alleged that these febrile reactions are unexpected 
and therefore unavoidable ; in reality, they are foretold by 
the insignificant reactions following the preceding injec- 
tions and they can therefore be foreseen and avoided by 
the exercise of greater care. 

We have seen that intercurrent indisposition calls for 
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(2) The prodnction of antibodies, in the fullest sense of 
the word, is an irritative action and it is well-known that 
the effect of physiological irritation is not generally pro- 
portional to the strength of the stimulus, but rather 
chiefly depends on the condition of the organs in ques- 
tion: thus a weaker stimulus often produces a greater 
effect than a stronger one, since the latter may cause 
paralysis. 

It can therefore easily be realized that, in an active 
immunization, the conditions may be such that a smaller 

quantity of toxin (the antigen) incites a 
The Balance better production of antitoxin than a larger 
Action. quantity ; besides, if the amount of toxin is 

large, a certain proportion of the antibody 
goes to neutralize it. 

This view is also confirmed in other branches of im- 
munity such as the active immunization against enteric 
fever.*^ It must also be remembered that there is no 
constant proportion between the harm done by the tuber- 
culin in promoting the irritative action and the favour- 
able anti-actions; thus it sometimes happens that in 
high doses the harm done is not counterbalanced by the 
anti-action, as would be the case with small doses. 

This question is not really so involved as it may seem at first sight, 
and to clear it up once and for all, I will recapitulate one section of the 
discussion on this subject with Landmann. He took up the position 
that the more toxic a tuberculin is the better, without even distin- 
guishing between specific and non-specific toxicity of tuberculins. TTis 
argument is drawn from the manufacture of serum where, of course, a 
powerful toxin is used as antigen to produce a potent immune serum. 
Before discussing the logic of this conception, I will describe the 
exactly opposite view taken by Beraneck. He attempts to exclude from 
his tuberculin all excessively toxic substances, especially those of no 
immunizing value. The justification of this is borne out both by the 
experiments of the Pasteur school and the later research of Ehrlich, 
which proved that immunity and production of antibodies result from 
the injection of artificially weakened bacterial toxins as well as toxoids 
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occur "with large doses, a point emphasized by Denys 
in his technique. On the other hand, the interval should 
not be increased if only a low individual maximum or 
optimum dose (fhas been reached, a dose, for instance, 
from solution C or even a still weaker one. 

In spite of the fact that the therapeutic results of the 
tuberculin can often be recognized very quickly, a correct 
Tnatment tuberculin cure, aiming at the highest ideal, 
should be generally requires a much longer time to 
long as carry out and the patient should be made 

^^^^ ** aware of this at the start. In the earUer 

edition of this book, I have stated that unless the 
patient can spare at any rate a few months, it is not 
worth while commencing treatment. Since then I have 
seen many cases in which a few week's treatment — ^in 
some very slight cases, even a few injections — has very 
considerably improved the condition or even brought about 
a cure : therefore, lest any possible benefits of tuberculin 
treatment should be lost, I no longer maintain this 
opinion but am inclined to recommend that even if 
there be but a short time at the patient's disposal, if the 
indications are favourable and especially if the case is 
an early one, the treatment should be commenced. 
However, the fact remains that tuberculin treatment is 

not generally complete in a few weeks and 
toi^iSJn even when a rapid improvement is made, it 

fL^ Doctor ^^8*^* ^*'®^ *^ ^^ repeated : it is clear, there- 
fore, that tuberculin treatment must be the 
business of the family doctor if its full benefits are to be 
obtained: if the treatment is only carried out in hos- 
pitals and sanatoria, the patient either is likely to be 
treated too hastily or else gives up the treatment too 
soon. The latter point has always been a source of 
trouble with my hospital patients. If once the general 
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when, after a prolonged period of satisfactory general 
condition, signs of the old trouble reappear or are 
increased, and this sometimes occmrs quite soon after the 
problem has been considered solved. It is more difficult 
to decide whether to repeat the treatment as a prophy- 
lactic measure when all seems to remain quite satisfac- 
tory. However, two considerations point to a repetition : — 

(1) The deceptive nature of the disease which may 
simulate cure while the fire still smoulders under the 
ashes (cf. p. 74) and 

(2) The experience that tox-immunity gradually de- 
creases. One should always be prepared for relapses, 
as no lasting or complete immunity is secured by 
tubercuUn. 

It is difficult to decide after how long the tuberculin 
cure should be repeated and it seems hardly possible 

to lay down any definite rules for this. 
Setnni of According to the researches of Petruschky, 
SengliiTeneis. j^fjjgj. reaching complete tox-immunity to 

the largest therapeutic doses of Koch's old 
tuberculin, sensitiveness returned in about three months : 
on this fact, he bases his serial treatment in which he 

allows an interval of three or four months 

to elapse after maximum tox-immunity is 

attained and then recommences treatment ; 

thus his treatment generally lasts about two 

years and consists of four periods of injections of two to 

three months and as many of rest of three to four months. 

Denys has found that with his tuberculin and using his 

method of treatment, maximum tox-immunity lasts much 

longer: in three tests, five, twelve, and 
nineteen months respectively. It must be 
admitted that the difference in potency alone 
of the two tuberculins partly explains the 
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internal foci, owing to the non-vascolarity of the latter 
(</. p. 14). The prognosis in tubercular meningitis is 
almost hopeless, and for this reason if for no other, 
tuberculin treatment should be tried, an experiment I 
intend to make at the first opportunity. 

The conditions are much more unfavourable in general 
miliary tuberculosis and the tubercle septicaemia which 
UnfaToapable ^^ recently been described,^* as the danger 
Coi^itloiu of bacteriolytic intoxication by bacillary pro- 
MilUry tein due to the tuberculinolysin is much 

'^ greater on account of the large number of 

tubercle-bacilli present. This danger is further increased 
by the powerful toxic action already at work in many 
cases. In spite of the unfavourable prognosis in these 
conditions, it would seem admissible to try tuberculin 
treatment in cases, necessarily few, where an early 
diagnosis can be made. 

If the question is asked "What prospects are held 
out by tuberculin treatment in the various forms of 
tuberculosis ? " the answer must clearly be that the 
earlier the diagnosis and treatment the better will be 
the results. We must therefore consider the 

Importance and Methods of Early Diagnosis. 

Too great stress cannot be laid on the fact that a 
large number of cases of pulmonary tuberculosis are 

not diagnosed at an early stage, and not, 
SSSSStt '" as a rale, because diagnosis is impossible 
SiS*?^ but because the patients either do not com- 
plain at all or else ascribe their symptoms 
to anything but lung trouble. In the first case they do 
not visit a doctor and in the second they are often not 
sufficiently carefully examined as to the condition of 
their lungs and are wrongly diagnosed and treated often 
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when the signs disappear. Such a patient would be 
kept under observation and freqaently examined, and 
thus many an early diagnosis of tuberculosis made and 
tuberculin recommended, when without this diagnosis he 
would go about for years without taking any care of 
himself, sometimes until it is too late for treatment. 

A practitioner who is acquainted with the enormous 
frequency of tuberculosis and who repeatedly and carefully 

examines his patients can sometimes dia- 
TemMPataM gnose a case of pulmonary tuberculosis years 
DiagBosli. before a fello'w-physician, without possessing 

any abnormal clinical skill. What this 
would mean in treatment is obvious. I do not intend to 
go into the diagnosis of early tuberculosis in any detail, 
but will only point out that in addition to frequent 
examinations of the lungs (not only the apices) and the 
sputum, correctly performed and frequently repeated 

measurements of temperature* should be made, even 
in cases where there is little ground for suspicion. One 
ought never to be satisfied with the patients' statement 
that they have no fever. As a rule, they cannot them- 
selves tell. The record should be shown to the practi- 
tioner, who alone can settle the question of whether the 
patient is febrile or afebrile. Unusual variations during 
a day or longer period must be regarded as fever, even 
if the highest point reached is below the fever point 
as commonly understood.! By this means the con- 
scientious and skilful practitioner will be able to diagnose 
many cases of early phthisis, which can be dealt with by 
tuberculin treatment. 

* C/. p. 68. 

t A description of the diagnosis of fever and the conception of 
relative fever will be found in my '' Text-book of Clinical Methods *^ 
(6th edition, F. Deuticke, Vienna). 
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significance. jWith increasing age, the statistics of Nageli 
and Burckhardt show that, in addition to the tuberculosis 
clinically observed, there is an increasing amount of 
rudimentary tuberculosis which has become inactive and 
healed ; this latter is of no clinical significance, but never- 
theless produces a positive cutaneous reaction. The 
conjunctival reaction is still considered by Wolff-Eisner 
of use in the diagnosis of active tuberculosis, provided 
that the test is not repeated ; its value in diagnosis is, 
however, greatly disputed by other authorities, and per- 
sonally I cannot feel justified in using such an important 
organ as the eye for these diagnostic experiments, since, 
neither in theory nor practice, is it possible to be sure of 
avoiding harmful or at any rate unpleasant results. 

The new so-called specific methods of diagnosis, such 
as agglutination, complement-fixation, activation of cobra- 
toxin, and opsonic estimations, have proved 
BpedflA ^ general of little practical value, and I 

Mihodi of do not think that they will materially add 

to the possibility of early diagnosis. 
A modification of the cutaneous reaction, using gradu- 
ated tuberculin dilutions (^, yj^, y^j^ of Koch's old 

tuberculin) has been used with success for 

A Modified a long time in my clinic, and seems of much 

CataneooB 

Reaction. greater value. If a positive result is 

obtained with a n^ dilution, we make 
further tests with dilutions of Yuhnis ^nd xi^fcOTy-* Both 
this method and also the graduated intracutaneous re- 
action t described by Hamburger, ^ and lately used for 
cattle by Eomer, ^ will possibly prove to be of real help 

* We have lately used dilutions of concentrated tuberculin Beraneok 
in the same way. 

t The injection of the smallest quantities of Eoch's tuberculin* 
causing no general reactions, into the skin, not under it 
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and that by reducing the diet the tissues are so to speak 
relieved and more easily able to provide a supply of antibodies. 
A further analogy is seen in the dietetic treatment of chronic 
nephritis by diminishing the food. Again and again I have been 
convinced of the fact that the success of the treatment of tubercu- 
losis is diminished by what is commonly called over-feeding. It seems 
to me that hypemutrition has a pathological significance and much 
harm may be done by it, although of course a sufficient amount of 
nourishment, adapted to the digestive power, is of the greatest 
value in treatment. Unfortunately, without medical advice, over- 
feeding in everyday life is only too common and it is one of the 
chief causes of many stomachic and intestinal complaints, including 
appendicitis. Even a temporary decrease of diet can do much in 
relieving fever, and this is especially true of phthisical patients who 
have previously been overfed. There is no greater delusion than to 
imagine that always and under all circumstances the patient should 
be compelled to put on weight. Many times I have seen patients 
increasing quickly in weight but getting worse instead of better. 
Increased weight in tuberculosis is of no value when it is obtained 
by ** stuffing," but only when it is the result of an increased appetite 
and an improvement in the condition. In the latter case, the weight 
will go up of its own accord, often with quite a low caloric value of 
the food. It is to be noticed that thin men who do not eat a great 
deal are often not only healthier and longer lived than big eaters, 
but also exhibit a striking resistance to tubercular infection. 

The temporarily reduced diet for febrile patients should naturally 
only last a few days, during which time it must be decided whether 
any good is done. If it has a favourable result and the fever subsides, 
the organism often shows an increased capacity for assimilation of 
a normal diet just as in convalescence from acute disorders ; the 
tissues frequently absorb nutriment like a sponge, and I have seen 
many tubercular patients put on weight under these, conditions with 
quite a restricted diet, patients whose tissues had previously refused 
the forced nutrition which gave rise to unpleasant symptoms. A 
short fast has an immediate rejuvenating influence both on the sound 
and the unsound. Besides this actual short fast indicated in acute 
exacerbations, permanent moderation in diet and forbearance from 
** stuffing " are most strongly to be recommended as a general rigime 
for both febrile and afebrile cases. Many patients, especially the 
phthisical, often prompted by their doctors, are nourished on abso- 
lutely false principles, quite opposed to the laws of Nature, principles 
which are passed from one to another and induce them to put all 
their trust in weight records. For the phthisical and, indeed, perhaps 
BtUl more for the sound, intemperance in eating causes serious 
damage to almost all the organs of the body. 
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condition and skin-reactions, is avoided. It is, of coarse, 
quite natural to find after a time that in these febrile 
cases the tuberculin is not sufficiently tolerated by some 
patients, and, after a careful attempt at treatment, one 
is often compelled either to give it up or to await a 
more favourable phase in the disease. 

Still more unsatisfactory are the results when the 
physical signs are very severe, a condition which is some- 
times discovered at the first examination of 
BMQltt in patients who have previously had no know- 
OondUiMu^ ledge of their disease. Here, too, afebrile 

cases are more favourable than febrile ones, 
and as a rule tuberculin treatment is of no avail for 
severe local conditions of the lungs accompanied by 
fever. This is probably because the body is already 

much overloaded with tuberculin and the 
Swga^^of "" condition is aggravated rather than improved 
^^MtfTitv^" by the injections. This state of afiFairs is 

often betrayed by the fact that, in spite of 
the serious condition, even large doses of tuberculin cause 
no particular indisposition, no fever, no local reactions 
in the diseased part, no skin or other reactions. The 
organism may be already sufifering so intensely from 
the toxin absorbed from the tubercular foci that the 
small addition in the injection does not essentially 
change the situation. A further reason may be given 
for the non-reactivity of severe cases : the lysin, which 
otherwise breaks down • the tuberculin into highly 
toxic substances and causes focal, skin and general 
reactions, is completely used up (cf. Theoretical Part). 
This apparently low sensitiveness to tuberculin in severe 
cases, shown by the absence of the conjunctival and 
other local tests,* is then a definitely unfavourable 

♦ Cf. pp. 146-146. 
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tuberculin unless other unmistakable signs of improvement 

follow. I have often observed such a fall of temperature 

and, contrary to some doctors who consider it the sign 

of favourable tuberculin action, am not always so pleased 

to see it in severe phthisis ; and results have shown that 

the opinion was justified. These cases often survive but a 

few weeks in spite of the assumed favourable action of the 

tuberculin on the fever. It should be remembered that 

in some cases of tuberculosis, the fever subsides quite 

spontaneously the last few weeks or months before death. 

Every experienced physician knows that this cessation 

of fever, unaccompanied by other improvements, is by 

no means always a favourable sign. The 

theory of fever ascribes this fall of tempera- 
€UiiU6. 

ture during the last few weeks of life to a 

limiting of metabolic processes and heat 
production ; it is well known, too, that excessive doses 
of bacterial protein produce not a rise but a fall of tem- 
perature. If, then, such a drop of temperature occurs 
as a clear and definite result of the injections and is 
unaccompanied by other signs of improvement (increased 
appetite and weight, &c.), one may quite well assume 
that the tuberculin is not doing good but harm. A 
clinically trained eye can, then, readily distinguish 
between : — 

(1) Fall of temperature accompanied by improvement 
of the general condition which is attained by tuberculin 
treatment in slight cases, and 

(2) Fall of temperature in severe cases with the per- 
sistence or aggravation of the other symptoms such as 
high pulse-rate, which more sober judgment recognizes 
as an unfavourable sign. 

I have specially emphasized the possibility of an 
unfavourable significance of a fall of temperature, since 
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other treatment. Severe cases even without mixed 
infection can often no longer be influenced by tuberculin 
treatment : but, on the other hand, tuberculin may have a 
favourable result in cases with mixed infection if the 
conditions are not too unfavourable, by exerting an 
influence on one of the two components of the morbid 
process, the tuberculosis having its influence on the 
mixed infection and vice versa. One thing is certainly 
clear and that is, that the local tissue-damage in the tuber- 
cular foci caused by reactions and an incorrect technique 
is specially dangerous in the presence of mixed infections, 
and the treatment is thus rendered more difficult. Thus 
it is easily understood that those tuberculin therapists 
who intentionally provoke reactions see in mixed infec- 
tions a contra-indication for tuberculin treatment, whereas 
mixed infection is no contra-indication for a mild 
tuberculin treatment. 

Other Applications op Tuberculin. Treatment of 
Local Surgical Tuberculosis bt Intrafocal 

Injections. 

In this section I should like to mention that realizing 
the dangers of sharp focal reactions, ten years ago I tried to 

discover a method of keeping the tuberculin 
Atton^ts away from the foci and only producing 

SJitf A*? general healing actions, avoiding focal re- 
actions which are specially dangerous in the 
lungs. I tried also to produce innocuous local inflamma- 
tion by means of the tuberculin left at the site of injection, 
working on the supposition that the production of anti- 
bodies might be partly connected with inflammatory tissue- 
lesions due to the tubercuhn. Various methods were used 
to attain the desired results. 
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and retained the tuberculin. A further reason for discon- 
tinuing them was that my present view of the nature of 
tuberculin healing, described in detail in the Theoretical 
Part, points to the inadvisability of keeping the tuberculin 
away from the tubercular foci. 

Becently, my earlier standpoint has again been taken 
up and local skin reactions, von Pirquet's cutaneous re- 
action, the intracutaneous reaction (injection of minimal 
quantities of tuberculin into the skin itself) and Moro's 
percutaneous reaction (rubbing in of tuberculin ointment) 
have all been made use of in treatment.** I have not 
yet read the results of these methods. 

Lastly, a few words on the local employment of tuber- 
culin by injections into the tubercular foci, a method 

applicable to surgical tuberculosis, especially 

Tu^moihi ^^ ^^® bones and joints. The object of this 
Treatment. is quite different from that of the ordinary 

method of treatment, and it was founded on 
suggestions made by Beraneck and the experiences of 
Professor Boux of Lausanne and Dr. de Coulon of 
Neuchatel. The method is based on the assumption, 
with which I agree, that in addition to the general 
action of tuberculin there is also a certain local action 
on the tubercular foci. Both lysin and antitoxin prob- 
ably originate partly in the foci themselves and even 
the inflammatory focal reactions, resulting from the 
local actions of the lysinized tuberculin, have doubtless 
a useful side if one has the guarantee that the tissue 
damage caused by them is not too extensive. With this 
conviction, it seemed justifiable, in localized surgical 
tuberculosis accessible to local treatment, to combine 
such a local action, potent but controllable, with the 
general action, by injecting the tuberculin direct into 
the foci. Surprising success has been obtained by this 



100 PRACTICAL PABT 

of the inflammatory anti-action which are necessary 
for the cure of tubercalosis. It is very probable that 
the formation of lytic and antitoxic antibodies, necessary 
to explain tuberculin action, takes place in large quantities 
at the place of injection by this method as a result of 
local reactions. These protective substances, acting 
locally in high concentration, are specially potent. 

(2) As a result of his experiments (p. 123), Beraneck 
also assumes that by this local application of his tuber- 
culin there occurs a direct diminution of the virulence of 
the baciUi ^* which he ascribes partly to the ortho-phos- 
phoric acid content of the tuberculin and partly to a spe- 
cific effect of the tuberculin itself on the tubercle-bacilli. 

Both from the reports of patients and from personal 
experience, I can testify to the striking efficacy of the 

method in the treatment of local tubercu- 
losis. I have used it in several cases of 
lupus and other forms of tuberculosis of the 
skin, in tuberculosis of the tarsus and ribs 
and in spondylitic abscesses, and am convinced of the 
value and safety of the method in its present milder 
form. It might also be tried in larger glandular tumours ; 
this has not yet been done, however, and since swollen 
glands are commonly multiple, ordinary tuberculin treat- 
ment would perhaps be more rational and less dangerous. 

> 

Conclusions concerning the Practice of 
Tuberculin Treatment. 

I have intentionally refrained from illustrating the 
views and experiences that have been quoted, although 

a rich hbrary of illustrations and statistics 
GaBe Reports of tuberculin treatment has been collected 
Yalne. in niy clinic during the last ten years. 

Apart from the fact that I abominate the 
overloading of our literature with illustrative case reports, 
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quintessence of my personal experience and the reflection 
of this experience in my convictions. The object of this 
book is to give the practitioner a correct standpoint from 
which to consider the important question of tuberculin 
treatment, proceeding from which he can make personal 
trial of tuberculin, and use it for the benefit of his 
patients without any risk. Only his own personal 
experiences will supply him with the conviction of its 
value, and if the results are not satisfactory he must 
ask himself whether he has not been carrying out the 
treatment incorrectly, a thing more possible in tuberculin 
treatment than in any other therapy. 

What reply shall the practitioner give to a patient 
who asks what prospects tuberculin treatment holds out 

for him ? We will presume that the state 
The Patient's ^^ ^^^ disease is not such as in itself to 
Queition. preclude the possibility of a successful tuber- 

culin cure. The answer will, of course, 
partly depend on whether he himself would eventually 
carry out the treatment or whether he is merely consulted 
as to the advisability of the patient being treated by some 

other practitioner. (1) Under the former con- 
dition, if the case seems suitable for a trial 
of tuberculin, I generally say to the patient 
who comes to me for treatment — **I can 
promise you that no barm shall result from the tuberculin 
but I cannot guarantee to benefit or cure you ; nothing 
but a personal trial of tuberculin will show whether your 
case is suitable or not. If it should happen that your 
case is unsuitable for tuberculin treatment, no harm will 
be done and we must simply try another form of treat- 
ment. Presuming that all goes well, in order to use the 
tuberculin treatment to the best advantage, you should, if 
possible, arrange for a long course of treatment, which will 
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and which is so often carried out in an irrational and 
unintelligent manner, likely to harm the patient. Such 
questions will become more and more frequent in the 
near future, and this is the position towards them which 
must be taken up by a practitioner convinced of the value 
and rational basis of tubercuHn treatment. 

In speaking of the attitude of the practitioner to 
tuberculin treatment, I cannot forbear from expressing 
Tnberoalin ^y astonishment that there are doctors who, 
Treatment only as they say, "only undertake tuberculin 
Desire of the treatment at the special desire of the 
* ®^ patient ! " It is clear enough from what 

has been said that I am absolutely opposed to a doctor 
forcing tuberculin upon a patient against his wish ; but 
that a doctor should allow himself to treat a patient by 
a method of the utility of which he is not only not con- 
vinced but of which he disappiroves, at any rate to some 
extent, seems to be a sacrificium intellectus that is hardly 
allowable. It seems clear that in this case, as in many 
another, one is in duty bound to declare one's opinions 
openly. The whole thing is quite clear ; there are only 

three possibilities — the practitioner has 
The Three either studied tuberculin treatment and 
PoiBibilifcieB. been convinced of its value, in which case it 

will be used in suitable cases ; or he con- 
siders it valueless or even dangerous, which decision 
should be declared and tuberculin rejected ; or lastly he 
knows nothing about tuberculin treatment, not having 
studied nor wishing to study it, in which case, also, he 
will reject tuberculin. Every doctor has an indisput- 
able right to such a rejection but it is to be hoped that 
with increasing knowledge such a rejection in suitable 
cases will become increasingly rare. At any rate, the 
attitude described by *' tuberculin treatment only by 



108 PBACTIOAL PART 

Koch followed a sound intuition when he saw in the 
active immunizing method of tuberculin treatment, at the 
time, the only successful specific treatment of tubercu- 
losis. His original technique has, however, proved clinic- 
ally impracticable and tuberculin treatment of to-day is 
quite a different matter. 
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conception of the action of tuberculin, with some modifi- 
cations concerning the explanation of hypersensitiveness 
and the question of the existence of antitoxic actions 
against tuberculin. These two points of difference, 
however, seem essential from a clinical point of view. 
The theory of tuberculin action is so complicated that to 
make the matter clear and intelligible, I have divided it 
into separate sections. One of the fundamental questions 
is : — 



The Chemical Nature of Tuberculin and the 
Differences between the various Tubercu- 
lins. Tuberculin Beranece. 

The idea is very prevalent that, under the common 
name of tuberculin, many preparations have been made, 

having essential chemical differences ; this 
Yarioai explains the continual attempt to improve 

Tuberoalini. tubercuhn treatment by making fresh tuber- 
culins. It is taken for granted that one 
special tuberculin is the tuberculin jpar excellence, the 
one and only, which cannot fail to cure, and that the 
many failures of tubercuhn treatment depend chiefly or 
entirely on the incorrect chemical composition of former 
tuberculins. Tuberculins have been prepared from human 
and also from bovine tubercle-bacilli. In the first edition 
of this book, I have already declared my conviction that 
the conception of essential differences between various 
tuberculins is ungrounded and that the endeavour 
materially to improve tuberculin treatment by the con- 
tinual preparation of new tuberculins, is futile. Good 
results can be obtained with all the tuberculins at our 
disposal if the right technique be employed. Although 
differences between the tuberculins with regard to their 
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treatment, these experiments be performed with a nnif orm 
and rational technique (c/. note to p. 44). The latter is 
impossible without a knowledge of the active principle 
of the tuberculins. Without a theory of tuberculin treat- 
ment, one works entirely in the dark. 

The common nature of this active substance in all 
the various tuberculins is shown not merely by thera- 
peutic experience but by the exactly similar 
Existence o/a character of the so-called tuberculin reac- 
Single IctlTe tions which can be produced by all tubercu- 

lins without exception. Since we cannot 
think of the active principle of tuberculin as a purely 
chemical substance, we are compelled to use physiological 
experiments to find out whether this active principle is 
identical or different in the various tuberculins. These 
show, in no uncertain manner, that all tuberculin re- 
actions are qualitatively identical and only vary in 
degree, and thus that the active chemical principle in 
all tuberculins is the same. 

Another conclusion can be drawn from this fact, relating 
to the nature of this chemical substance. The charac- 
teristic tuberculin reaction is also produced 

Tabepcullna by the latest Koch's tuberculin, the so- 

Baoillary *^ 

Endotoidn. called bacillary emulsion, which contains 

scarcely anything .else than the most finely- 
powdered body-substance of tubercle-bacilli ; it necessarily 
follows, therefore, that the active substance in this and 
all other tuberculins is nothing more than the protein 
of tubercle-bacilli or bacillary endotoxin. Wolff-Eisner 
comes to essentially the same conclusion ; he has 
discovered that Euete-Enoch's tuberculin, which only 
differs from Koch's tuberculin by not having been filtered 
through porcelain and by containing bacillary fragments, 
if filtered through a Berkefeld candle to remove the 
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tubercle-bacilli. It had been known for some time that 
dead and even ground-up tubercle-bacilli can produce 
miliary tubercles, and therefore Pick and Daels thought 
at first that these anatomical changes could be ascribed 

Jadaiaohii*! ^ ^^® presence of such fragments of bacilli 

taiegettloii in the tuberculin. In many cases the 

of Ultra- 

mieroMopie presence of these fragments could not be 

PartlelM. proved and Jadassohn put forward the 

reasonable supposition that ultramicroscopic fragments 
of bacilli might possibly be responsible for the tubercular 
nature of the local reactions. However, it was clearly 
proved by Zieler ^ that these local tubercular processes 
could be produced not only by tuberculins in which no 
microscopic fragments of bacilli were to be found, but also 
in dialysed tuberculin, in which there could, according 
to current ideas, only be dissolved substances. No 
further proof is needed that all tuberculin solutions 
contain the true tubercle-toxin in the form of bacillary 
protein. It seems, at first sight, difficult to understand 
how such true solutions, which must be soon carried 
away from the site of injection by the lymph- and blood- 
streams into general circulation, can produce the same 
tubercular phenomena as living tubercle virus actin^^ at 
the spot. The explanation seems simple if starting from 
the conception of Jadassohn of ultramicroscopic particles , 
we state that even in pure tuberculin solutions and in 
dialysates of them, these ultramicroscopic particles are 
present, as the ultramicroscope reveals in all albominoos 
or colloidal solutions. Products, therefore, of mechanic^ 
destruction or bacillary fragments need not come into 

question. This view tallies rather with the 
T^tWntllw modem doctrines of colloidal chemistry, 
^ **••* according to which in every albumin aolntion 

there are molecular aggref^atea, the iniftiJ% 
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glycerine content can have no effect. This is shown 
by the harmlessness of the preparation for the healthy 
animal. Moreover, tuberculin Beraneck contains but 
25 per cent, of glycerine, half the amount in Koch's 
old tuberculin. The high specificity of Beraneck's pre- 
paration is most clearly proved by the fact 
BiMAiiiAit *^** tubercular, and only tubercular patients 

react by fever to incredibly small doses of 
the tuberculin, the healthy tolerating large 
doses, without displaying any signs of reaction. I recently 
treated a phthisical patient who displayed febrile reac- 
tions to merely ^ c.c. of solution ^. The infinitesimal 
absolute content of this amount merits consideration. 
This dose is equivalent to one twenty-millionth of a cubic 
centimetre of concentrated tuberculin Beraneck ; this 
quantity contains half its weight of a filtered tubercle- 
broth evaporated to a sjrrupy consistence and, in addition, 
one twenty-thousand-millionth of a gramme or a twenty- 
millionth of a milligramme of dry orthophosphoric 
bacterial extract. The fact that sach an infinitesimal 
dose can cause fever in the tubercular proves, at any 
rate as far as febrile reactions are concerned, the high 
toxicity of the preparation for the tubercular, and only 
for the tubercular, a specific toxicity far greater than that 
of Koch's old tuberculin, and one which is only paralleled 
by tetanus-toxin. The enormous difference between its 
toxicity for sound men and animals and, as far as febrile 
reactions are concerned, for the tubercular, is an irrefut- 
able proof of its high and valuable specificity for thera- 
peutic use. One important point with regard to treatment 

is that while tuberculin Beraneck has a 
Freedom from i^ore potent action than Koch's tuberculin 
Danger. jj^ causing febrile reactions in the phthisical, 

it is not so dangerous to life as the latter. 
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of the specific toxicity of the tuberculin. Further, the 
high toxicity of Landmann's tuberculol for the healthy 
animal, in which respect it stands unrivalled, rather 
disproves its suitability for human treatment ; for, since 
its toxicity is also evident in the healthy animal, it need 
have no special immunizing value. On this false con- 
ception of the value of a high toxicity Landmann bases 
his unfavourable opinion of tuberculin Beraneck and his 
over-estimation of the worth of his own tuberculol. This 
question is discussed at length on p. 67. It is interesting 
to note that Landmann asserts that since his tuberculol 
is 5,000 times more toxic than tuberculin Beraneck, it is 
5,000 times more valuable. He overlooks the natural 
sequence of this argument that if it were true, all cases 
of tuberculosis in which his preparation has been used 
would have been finally and definitely cured. 

The ridiculous assertion has lately been made that the 
action of tuberculin Beraneck depends entirely on its 
OrthoDhoB- content of orthophosphoric acid. Since 

phorioAcid even the wildest statement finds credence 

Content of 

Taberculin amongst the uninformed, this assertion must 

Boranec . j^^ examined, superfluous as it may seem. 
We have seen that tuberculin Beraneck is composed 
(a) of tubercle-broth, filtered and evaporated down in 
vacuo and (b) of an orthophosphoric acid extract of 
tubercle-bacilli — the two components being mixed in 
equal volumes. Now the bacillary extract, made with 
1 per cent, orthophosphoric acid and not evaporated, 
contains 1 per cent, of the acid and therefore the mixed 
concentrated tuberculin Beraneck, ^ per cent, of the acid; 
^ c.c. of solution y^, a quantity which can cause febrile 
reactions, contains, on the above reckoning, one twenty- 
millionth of a cubic centimetre of concentrated tuberculin 
Beraneck. This concentrated tuberculin Beraneck con- 
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more closely into its specificity, two striking facts are at 
once realized : — 

(1) Tabercolin is relatively innocuous for the healthy 
man and animal. Thus Koch discovered that it took 
i c.c. of his old tuberculin to produce signs of reaction 
in his own body; he states, however, that j^ c.c. is 
the dose which should generally produce reactions in 
the healthy. A dose of even 1 to 2 grm. of Koch's old 
tuberculin is tolerated by healthy guinea-pigs, a dose 
which, considering the small size of these animals and 
the high concentration of the tuberculin, scarcely fits in 
with the idea one usually associates with a bacterial 
toxin. A dose of over 10 c.c. of concentrated tuberculin 
Beraneck is tolerated by the healthy guinea-pig, although 
it is true that Beraneck used uncommonly large animals 
of 700 to 1,000 grm. weight in his experiments. I will 
repeat that this concentrated tuberculin Beraneck is 
62^ times stronger than the strongest solution used for 
treatment (H). A substance which is tolerated in such 
doses by healthy animals scarcely deserves the name of 
"toxin." 

(2) Against this low toxicity of tuberculin for the 
healthy organism, the second fact stands out in striking 
contrast, that tuberculin has an extraordinarily powerful 
toxic action in the tubercular organism. Thus, fractions 
of a milligramme of Koch's old tuberculin, or ^ c.c. of 
solution ^ of tuberculin Beraneck may cause febrile 
reactions in a tubercular patient. This amount only 
represents a twenty-millionth part of a cubic centimetre 
of concentrated tuberculin Beraneck! * 

On one side then we have the low toxicity of tuber- 
culin for the healthy man and even for the guinea-pig» 

• cf. p. iia 
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Koch that the healthy react to 10 mgrin. of Koch's 
tabercalin and the tubercular generally to 1 mgrm., it 
is scarcely credible that in latent tuberculosis, without 
clinical signs, a reaction takes place to 1 mgrm. of tuber- 
culin just because the amount injected added to that 
already present in the body just reaches the active dose 
of 10 mgrm. There would have to be exactly 9 mgrm. 
of tuberculin in the body of the patient ; if this were 
so, what is to prevent small fluctuations in this amount 
and occasional increase to 10 mgrm. with spontaneous 
fever? We know, however, that this fever by no 
means always occurs in these cases. Further, it is 
scarcely logical to assume that so many cases of latent 
tuberculosis contain exactly 9 mgrm. of tuberculin, 
and always remain on the borderline of activity. 
Some patients might well contain merely 1 mgrm., 
or, in febrile cases, perhaps 20. In the former, where 
there is but 1 mgrm., not even a dose of several milli- 
grammes would bring the total amount up to the point 
of reaction. In the latter, where there is 20, the slight 
increase of toxin by 1 mgrm. could hardly call forth 
a definite reaction. These considerations show that a 
mere summation theory does not sufficiently explain the 
facts. 

(2) A possible explanation of the problem would seem 
to be this — that the healthy organism contains large quan- 
tities of substances antitoxic to the tuber- 
A Differanoe culin (on which the health of the individual 
Theory. might possibly depend), and it fails to react 

because the small amounts of injected toxin 
are rendered innocuous by the antitoxin. Only when the 
limit of say 10 mgm. of tuberculin injected is reached, 
does the antitoxin prove insufficient to cope with it and a 
tuberculin action is observed. It would then have to be 
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in the healthy than in favonrable cases of tnbercnlosis, 
an experience which is not borne oat by the above 
experiments. 

(3) These difficulties lead one to look in some other 
direction for the explanation of tuberculin reactions. One 

might easily be tempted to assume that 

Innate Bend- merely the innate sensitiveness of certain 

tiveneu the 

GhiefFaotop? individuals is the chief factor: that these 

individuals are generally tubercular is the 
result of their extreme sensitiveness and the many oppor- 
tunities for infection to which man is subjected. Such 
an inversion of cause and effect, making the tuberculin 
sensitiveness the reason for, not the result of the infection, 
is inadmissible. First, the guinea-pig, which is very 
susceptible to tuberculosis, is remarkably insensitive to 
tuberculin as long as it is not tubercular. Secondly in 
man, tuberculin sensitiveness follows the development of 
the disease and is therefore an acquired character. This 
is shown by the fact that tuberculin sensitiveness, of 
which the cutaneous reaction affords the easiest demon- 
stration, is very slight in infants, and with increasing age 
it increases parallel with the frequency of tuberculosis.^ 

(4) At one time, a good deal of interest was taken in 
Hertwig's theory of tuberculin reactions.^ He con- 
sidered that the primary factor was the 

Hertwig's focal reaction and that the febrile reaction 

Theory. depended on it. His explanation, therefore, 

was entirely based on focal reactions. He 

argued from Stahl and Pfeffer's laws of chemotaxis. 

These authors have shown that a *001 per cent, solution 

of malic acid has a positive chemotactic or 
attractive action on a watery suspension of 
the spermatozoa of male-fern. If the sper- 
matozoa are suspended, not in water, but in 



130 THBOBBTIGAL PABT 

method, now well known and much used, they have 
found in the serum of patients treated with tuberculin, 

a substance which with the tuberculin causes 
jJd^Bnid^ absorption of complement, and to which 
T^'fST* .. tbey have given the name antituberculin. 

A substance of similar action has also 
been found, together with tuberculin, in the tubercular 
foci. From their observations, these authors have drawn 
the following conclusions : — 

Focal reactions after tuberculin injections take place 
when the tuberculin meets with antitubercuUn in the 

foci and fixation of complement results. 
Their This complement- fixation causes the soften- 

Condaaioni. \^g q{ ^\^q tissues frequent after tuberculin 

injections on account of the digestive action 
of complement. If, on the other hand, the blood 
contains free antituberculin, as in a patient treated with 
tuberculin, the tuberculin injected is neutralized, becomes 
inactive and has no effect on the tubercular focus. 
According to this conception, general reactions are the 
result of focal reactions, as in Hertwig's theory. Wasser- 
mann and Bruck explain the non-reactivity of the 
healthy by the fact that they possess no antituberculin 
and no tubercular foci to cause a reaction. 

The choice of the term antituberculin is rather un- 
fortunate ; it conveys the idea of an antitoxic substance 

neutralizing the tuberculin, while in Wasser- 
Nature of mann and Bruck's theory, just the opposite 
Antituberculin. jg really the case—the antituberculin first 

activates the tuberculin, attracting it to the 
foci. According to their conception {cf. p. 453 of their 
treatise), this antituberculin is of the nature of a bacterio- 
lytic amboceptor. The authors do not state whether it 
has any actual bacteriolytic action on tubercle-bacilli. 
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reactions are a sign of more or less definite damage to 
the organism. This is easily miderstood if it be realized 
that these are local and general toxic actions which the 
non-lysinized tuberculin is not able to produce. 

(7) Beraneck*' has discovered that the serum of a 
horse treated with tuberculin Beraneck, if injected along 
with the latter into a tubercular guinea-pig, diminishes 
the tuberculin action as regards endangering of life, but 
far from decreasing, even raises the thermal action 
of the tuberculin. This quite tallies with the theory 
that the serum contains tuberculinolysin, which sets 
free the fever-producing substances more quickly and 
in larger quantity than would otherwise be the case, 
while the antitoxic content of the serum simultaneously 
confines the harmful effect of the tuberculin to the pro- 
duction of fever. Similar experiments have been made 
by Yamanouchi^^ and Bauer,'* who state that under cer- 
tain conditions, tuberculin sensitiveness can be trans- 
ferred by a serum. This transference of tuberculin 
sensitiveness by serum is confirmed by the similar ex- 
periments of NicoUe, Gay and Southerd, and Otto," all 
of whom found that hypersensitiveness to a foreign 
serum can be passively transferred to normal animals 
in the serum of previously treated animals. Both by 
these experiments and by the work of Bauer, the remark- 
able fact comes to light that hypersensitiveness after 
injection of the serum in question (containing the sub- 
stance causing hypersensitiveness — lysin) is not produced 
at once, but only occurs after a few hours or even a day. 
The explanation is simple, and depends on the ambo- 
ceptor-like nature of the lytic antibody whose action is 
only produced after it has absorbed complement, which 
does not take place at once. 
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against tetanus, a histogenoas acquired character of 

the tissue-cells. This hypersensitiveness, 
which was also observed by von Behring, is 
evidenced by the fact that the horses, in 
spite of the large amount of tetanus-antitoxin 
in their blood, protecting them from an exactly equiva- 
lent amount of toxin, are killed by the smallest excess of 
toxin over antitoxin present, an excess which von Behring 
calculates to be far smaller than the fatal dose for un- 
treated animals. He considers that this state of affairs 
is caused by an altered reactivity of the tetanus-sensitive 
tissues which have clearly suffered extensive damage. 

The hypersensitiveness is therefore histo- 

Bxplained by genous. There seems, however, no sufficient 
the Lysin 

Theory. reason for a similar analogy m tubercu- 

losis if Wolff-Eisner's theory be accepted. 
According to my conception, hypersensitiveness to tuber- 
culin and living tubercle-bacilli is explained on the lysin 
theory simply by the large lysin content of the blood of 
the individual in question, by means of which very large 
quantities of tuberculin are quickly lysinized and an 
extremely potent toxic action is the result. Both sensi- 
tiveness and hypersensitiveness to tuberculin, between 
which there is only a difference of degree, are the 
result of lysin action, the action of the increased amount 
of lytic amboceptor of Wassermann-Bruck or lysin of 
Wolff-Eisner. The more lysin present, the more sensi- 
tive is the individual to tuberculin. If the definition of 
Mach be accepted that a truly scientific theory is one 
which explains the facts of a case concisely, simply and 
without unnecessary assumptions, the most scientific 
theory of the essential quality of an organism infected 
by tuberculosis is that it is due simply to a more or less 
potent lytic action without any histogenous tuberculin 
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as a kind of acquired hypersesthesia to tuberculin is 
quite possible and open to discussion. The production 
of a histogenous hypersensitiveness is no more difficult 
to imagine than the production of lysin. Such a hyper- 
sensitiveness of the tissues to tuberculin arising from 
the action of the toxin is quite in accord with the 
general principle of the increased function due to use. 
And since, as we shall see, h3rpersensitiYeness is a 
means of defence, it is also intelligible from a teleo- 
logical standpoint. With regard to their value, it is 
clearly immaterial whether defensive reactions are the 

result of histogenous hypersensitiveness or 
of oombinUig ^^ caused by a lysin. If, in the future, 
^ *]J® the histogenous explanation of hypersensi- 

tiveness should be proved correct, it seems 
to me that Wolflf-Eisner's lysin theory will be super- 
fluous. It must be left to future experimental research 
to show whether hypersensitiveness to tuberculin is 
explained by Wolff-Eisner's humoral lysin theory or 
by the histogenous theory. A combination of both, as 
Wolff-Eisner seems to suggest by stating that h3rper- 
sensitiveness is distinct and different from lytic action, 
appears, as long as there is no necessity for such a dual 
conception, to be a pleonasm and a compUcation that 
will do nothing to promote a better understanding of 
the fieicts. 

It should be clearly imderstood that if future re- 
search should prove the histogenous nature of tuber- 
culin sensitiveness, the whole explanation 
Action on the of tuberculin action, both diagnostic and 
Shew^^"* therapeutic, can be adapted to the histo- 

genous theory without much alteration of 
the arguments used in the lysin theory. One would only 
have to replace the term " lytic action " by " reaction 
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Theory op Tubbbculin Diagnosis. 

Considering the question of tuberculin diagnosis in 

the light of the lysin theory, it must be clear that 

tuberculin reactions, including all the various 

Yalae of forms of dias^nostic reactions — subcutaneous, 

Diagnottlo 

Tnbereoliii. cutaneous, intracutaneous, percutaneous and 

conjunctival — can be employed to a certain 
extent for the diagnosis of tubercular infections. All 
these are reactions to the lysin produced by the absorp- 
tion of tuberculin in tubercular infections and to the 
existing hypersensitiveness to tuberculin. That in so 
many cases tuberculin diagnosis proves unsatisfactory 
is quite natural, because we do not directly diagnose 
tuberculosis but only the lysin-content or the hyper- 
sensitiveness of the organism. It may happen, therefore, 
that an individual gives a positive tuberculin reaction 
without having any tubercular infection. That this is 
sometimes the case there can be no doubt. It is most 
clearly seen in animal experiments ; using subcutaneous 
tuberculin injections, Vages^^ made 2*7 per cent, false 
diagnoses in 7,327 cases and Nocard about 1 per cent, in 
124, on the ground of positive tuberculin reactions. The 
reason is that occasionally even the healthy organism 
contains sufficient tuberculinolysin to react to the tuber- 
culin. Lysin must be present in the healthy 
•vlJf'inSr"* organism but generally in extremely small 
He&lthy quantities and it is only increased by a 

tubercular infection; this is proved by the 
consideration that if there were absolutely no lysin in 
the healthy body, it could not be harmed and therefore 
infected by tubercle-bacilli, which would be broken down 
as saprophytes. Indeed, by Ehrlich's theory, the forma- 
tion of antibodies including lysin can only be explained 
by assuming that small quantities of these are normally 
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(2) The tissaes may be so much damaged that they 
can no longer produce any lysin or 

(3) Because the lysin has already been so far neutra- 
lized by the tuberculosis, that the diagnostic tuberculin 
finds no free lysin to act upon and therefore proves 
inactive (lysin-deviation). 

The last explanation is borne out by Homer's^* statement, that the 
oocnrrence of hypersensitiveness to serum can be prevented for a 

certain length of time by a single injection of a 

large quantity of serum or several injections of a 

Bomer. moderate quantity. It seems that there can be no 

other explanation than this — that the antibody (accord- 
ing to Wolff-Eisner, an albuminolysin) causing the hypersensitiveness 
i» completely neutralized by the large amount of serum for a certain 
length of time, and \&ck of complement or insufficient lysin-satura- 
tion of the serum bodies injected prevents lytic action. The result is 
that subsequent injections of a much smaller dose of serum find no 
free lysin and therefore produce no signs of hypersensitiveness. 

The lysin theory also provides a simple explanation of 
the reverse fact, that diagnostic tuberculin reactions are 

obtained in anatomical tuberculosis when 
Inactive there are only stationary, inactive foci, cases 

Anatomical considered as cured and of no clinical import- 
ance. It seems that in these individuals 
also there may be sufficient lysin in the body to produce a 
reaction. This fact is of importance in the considera- 
tion of the specificity of tuberculin reactions. 

Speeiflcity of One has only to realize that quite inactive 
TubcFcnlin . 

Reactions. foci can cause tuberculin* reactions, and that 

such are nearly always present in adults 
(Nageli and Burckhardt), to be persuaded that positive 
tuberculin reactions are specific in the majority of cases, 
and point to the presence of tuberculosis which may, how- 
ever, be completely cured and inactive. Since Nageli and 
Burckhardt have proved the presence of these inactive 
foci in nearly every adult person, such a fine method 
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tuberculin probably signifies a certain degree of immunity 
of the individual to tuberculosis. Eomer^ has also made 

similar experiments on guinea-pigs which 
^ prove that a second infection does very 

little to extend the tubercular lesions caused 

by the first infection. The conditions are 
very similar to those in syphilis, where also a second in- 
fection does not develop if the first is still florid. Here also 

Finger and Landsteiner^^ have proved that 
Finger and there is no complete insensitiveness to the 
LandBteiner. second infection, but only a changed 

capacity for allergic reaction, analagous to 
the phenomenon of hypersensitiveness in tubercular 
guinea-pigs. 

The unfavourable side of this hypersensitiveness is also 
of interest, and has been investigated by Bail.^ This 

author showed that if, in tubercular guinea- 

UnfaTonpable pigs, the super-infection consists of the intra- 

Bide of HypeF- . . . 

sentitiTeness. peritoneal injection of very large numbers of 

tubercle-bacilli, the animal dies in a few 
hours, while normal animals, subjected to the same 
treatment, only commence to show symptoms in twenty- 
four hours. This experience quite tallies with the well- 
known fact that tubercular guinea-pigs are killed by 
small doses of tuberculin, doses quite innocuous to the 
healthy animal. The cause of the hypersensitiveness of 
the diseased animals is that the body-substance of the 
tubercle-bacilli and the tuberculin have been converted 
into a dangerous toxin by the action of the lysin, which 
has been increased by the infection. While, in the pre- 
viously described experiments of Koch, hypersensitiveness 
acts as a means of defence, in this case it is disastrous for 
the animal. This is easily understood if it be assumed 
that the hypersensitiveness is a question of lytic action. 
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secondary protective processes (antibody prodnction) so 
that the net result is a seeming insensitiveness to the 
toxin of the disease. We shall also see shortly that 
the insensitiveness to tuberculin occurring in tuberculin 
treatment is, in respect of its therapeutic activity, in 
all probability to be similarly considered, i.e., that it 
is only an apparent insensitiveness but that there is 
really a high degree of hypersensitiveness which, how- 
ever, so acts that the inflammatory and febrile pheno- 
mena of hypersensitiveness (lytic action) are not 
manifest, being immediately counteracted by the anti- 
toxic action produced. 

It seems to me that whether one considers hyper- 
sensitiveness to be explained by humoral or histogenous 

processes, the whole pathology of infectious 
ReTitionof diseases needs thorough revision and con- 
fnfeoiioS^ ^' sideration from the standpoint of the theory 

of hypersensitiveness. In my clinic, I 
have, of late, always advocated the view that the recur- 
rence of articular rheumatism, pneumonia and erysipelas 

is simply the result of acquired hyper- 
Reenrrenoe of sensitiveness and that it is accompanied 
Pneamonia, fte. ]3y protective actions which (at any rate 

in pneumonia or erysipelas) render the 
course of the relapse milder and generally also shorter 
than in the first infection. By virtue of a previous 
recovery from these diseases, the organism acquires a 
hypersensitiveness and therefore, when again exposed to 
the infecting agent, relapses more quickly and more fre- 
quently than the healthy organism. On the other hand, 
just because of its hypersensitiveness and the resulting pro- 
duction both of the non-specific inflammatory (pp. 17-20) 
and the specific antibodies, it recovers more quickly and 
more easily from the infection than the normal organism. 
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explained tuberculides as pure toxic actions; this was 
first suggested by Elingemiiiler*' from obserrations on 
patients suffering from this affection, and more lately 
by histological research in the cutaneous test.* The 
argument is used that with tuberculin filtered through 
a Berkefeld filter, and therefore containing no bacillary 
particles, tuberculides and true tubercles can be pro- 
duced ; the argument is unnecessary, however, if it be 
assumed that the tuberculides are caused by the abor- 
tive dissemination of tubercle-bacilli and subsequent 
bacteriolysis. I have already suggested that certain 
forms of chronic arthritis are due to tuberculides of the 
joints (cf. p. 80) and that many obscure affections of 
internal organs may possibly be due to the same cause. 

Lastly, many sBtiological facts can be explained by 
the theory of lytic hypersensitiveness in immunity to 

tuberculosis. Thus, many observers have 
Facts M- noticed that men who come from a district 

EvIldnTheoPv ^^^^^ or less free from tuberculosis and 
' move into large towns very frequently 
contract the disease and often in a particularly acute 
form. Such persons who have not been exposed to 
tubercle-bacilli in their previous life, have never been 
infected by the disease in its mild curable form (seen 
in the anatomical researches of Nageli and Burckhardt, 
loc. cit), and therefore possess no hypersensitiveness 
or the relative protection due to this. If then, by 
reason of the abundance of tubercle-bacilli in large 
towns, they become infected, they have no power of 
resistance owing to their lack of hypersensitiveness. 
This explanation also holds for the fact that negroes, 
when they migrate to Europe, are very prone to 

♦ Cf. pp. 118115. 
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itself, best interpreted by WoUSf-Eisner's lysin theory, 
explains a whole series of interesting facts in the SBtiology 
and pathology of tuberculosis, which were previously 
quite unintelligible. 

The reader will, perhaps, ask the question: ''If an 
existing tubercular disease is such a defence against super- 
infection and spreading of the disease to 
tfeneraUy other organs, why is it that the primary in- 

■Dmitoneoailv ^®^*^^^ itself does not always heal as easily as 

it prevents superinfection?" In other words,. 
'' Why does not tuberculosis heal as a general rule if the 
organism is master of such an excellent protective 
mechanism ? " In the first place it should be noticed 
that in pomt of fact, as the statistics of Nageli and 
Burckhardt show, tuberculosis does as a rule heal spon- 
taneously. These statistics prove that nearly every adult 
has had a tubercular infection which is generally cured, 
since, as is well known, only about one-seventh of the 
population die of the disease. To explain the non- 
healing of a limited number of cases, the following 
considerations should be taken into account. 

Severe and extensive localizations of tuberculosis are 
caused by the fact that for some reason or other, such 

as constitutional peculiarity or weakness 

Reasoni for due to intercurrent pathological influences. 

Oooasional . 

Non-healing, the natural defensive forces of the organism 

are absent. These, as we have seen, chiefly 
consist of lytic actions. If, as a result, a large active 
tubercular focus is formed, it naturally offers more resist- 
ance to healing than commencing metastasis or even a 
fresh infection from outside, since in the large focus 
there is a specially large number of tubercle-bacilli against 
which the anti-actions of the organism (especially lytic 
anti-actions) axe often insufficient. It must also be 
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sensitiveness as shown by the cutaneous test. Escherich 
(loc. cit.) has drawn graphic illustrations of this paral- 
lelism, which are especially instructive and convincing. 
It is true that the question of how these scrofulous skin- 
changes are to be explained by tubercuhn sensitiveness 
is still undecided. It may be that this affection is related 
to tuberculides, the result of an abortive dissemination of 
tubercle-bacilli ; or it may possibly be a question of irrita- 
tive phenomena produced by the tuberculin content of the 
tissue-fluids, such as the nasal and conjunctival secretions. 
Moro and Doganoff and Escherich are inclined to accept 
the latter view but have not succeeded in proving the 

presence of tuberculin in these fluids. It 
Lymphatic must be mentioned, however, that Escherich 
Conititution. (^ cit.) and Moro^®^ deem it necessary to 

assume that tubercuhn sensitiveness, as 
seen in scrofula, is only developed on the basis of an 
inborn so-called "lymphatic" diathesis. They deduce 
this from the fact that skin-changes of the same type 
as scrofula occur even in children who are not sensitive 
to tubercuhn and that this lymphatic constitution is 
present during the early life of children who will later 
develop scrofula but are not yet tubercular nor sensitive 
to tuberculin. Moro thus describes lymphatism as the 
soil on which a chance tubercular infection leads to the 
development of scrofula. 

If this is so, we must certainly inquire what this 
lymphatism or lymphatic diathesis really is. It has 
Lymphatism a been recently described by Czemy as an 
H^ePB^itiTe- " exudative diathesis," a disposition to torpid 
2®** 1%^^ inflammatory processes. Correct as the idea 
In general. may seem, it is unfortunately a mere para- 
phrase which carries us no further. It seems to me 
that an explanation of the cause of this exudative 
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in such lymphatic individuals, when a tubercular in- 
fection takes place, hypersensitiveness 

iMultofa to tuberculin and tuberculinolysin action 
XtttMronlap 

Infeetloii. are added to the general sensitiyeness 

to bacterial protein. For this is only a 
special case of general sensitiveness to bacterial toxin. 
That sensitiveness to tuberculin only occurs when 
tubercle-bacilli have acted on the body, is clear from 
the law of the specificity of such phenomena. It is 
quite natural that just those individuals are disposed to 
specific h]rpersensitiveness to tuberculin who are sensitive 
to bacterial proteins in general, since bacterial proteins 
have certain common properties, e.g.f of finding similar 
receptors in the organism. The latter fact is illustrated 
by the well-known experience that bacterial proteins, 
each and all, have the common property of producing 
inflammation. I believe, then, that there is a definite 
connection between the lymphatic constitution, equivalent 
in my mind to sensitiveness to bacterial protein in 
general, and scrofula, which is the sign of hyper- 
sensitiveness to tuberculin in particular. This theory 
should, at any rate, stimulate further research and 
provides some explanation of the cause of scrofula. It 
has the additional advantage of being capable of direct 
proof and I hope, in the near future, to undertake this. 

The following interesting question v?ill 
Lymphatiun ^ti^^ : Is there any mtimate connection 
Lymphattrai. ''^^^ween Ijrmphatism in this sense and the 

so-called status lymphaticus in the sense 
of Paltauf (consisting of hypertrophy of the lymphatic 
tissues, such as enlargement of the thymus and spleen) 
as is suggested by their similarity of name and common 
relations to the system of lymphatic glands ? I believe 
there probably is. The extraordinary lack of resistance 
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questions of the general treatment of tuberculosis and 
tuberculin treatment. 

With regard to the general therapy of tuberculosis, the 
following fact should be noticed, a fact which has up 

to now been scarcely intelligible ; after 
^^*^' surgical removal of large tubercular foci, 

of Foci; the remaining foci show more favourable 

prospects of cure than before. The best 
known and most striking example is the healing of 
tuberculosis of the bladder after extirpation of a kidney 

with extensive tuberculosis. This experi- 
Ezplainedby ^^^^ ^^^ "^ explained as follows: the 
Lyiin TheoFy. removal of the large focus, which previously 

absorbed both lytic and antitoxic antibodies, 
leaves free an amount of these protective substances 
sufficient to exert a favourable influence on the remaining 
smaller foci and promote their healing. In addition, the 
removal of the surcharge of toxin can, in itself, exert 
such a favourable influence on the general condition that 
the outlook for the patient is improved in every way by 
the operation, although it is not radical. These clinical 
facts are borne out in the researches of Bahrdt.^ He 
discovered that in tubercular guinea-pigs, the tuberculin 
sensitiveness is immediately diminished by the removal 
of a part of the tuberculous tissue (especially the tissue 
first damaged by the disease) ; this is shown by the fact 
that the animals are less easily killed by subsequent 
tuberculin injections. ^ 

The fact is well known that the extirpation of tuber- 
cular lymphatic glands is in some cases well borne, but 

in others causes a spreading of the disease. 
RemoTalof This, too, is easily explained on the lysin 
GhSSS!^" theory. In the first case, the protective 

lytic action and hypersensitiveness of the 
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We have realized the valae of lytic action, which is 

the first result both of natural tuberculin 

?*••*■ JL****" absorption and tuberculin treatment. We 
teuM of Tfso 

iBtibodifit. have seen that by means of lysin, the cura- 

tive hypersensitiveness to living tubercle- 
bacilli is produced. Lytic action converts the tuberculin 
of the tubercle-bacilli into a highly toxic substance 
which stimulates the healing reactions; this acts as 
a protection to the organism, as is proved by Eoch's 
fundamental experiments on guinea-pigs {cf, p. 149) and 
the observations of Bomer on the course of a tuber- 
cular infection in cows immunized by von Behring's 
method. It is self-evident that this reaction due to 
hypersensitiveness does not itself produce a cure, but 
that a cure can only take place when these reactions, 
caused by toxic action, are finally rendered innocuous. 
After an inspection of Bomer's temperature charts of 
immunized cows, which only overcome the disease by 
means of the most violent attacks of fever, it is impos- 
sible to doubt that antitoxic actions are in progress. 
This term must here be understood in its widest sense, 
as it is a question of the production of substances which 
either satisfy the affinities of the toxin (i.e., the lysinized 
tuberculin) or further decompose or destroy it by chemical 

and probably fermentative processes. We 
Non-ipeeiflo have already seen in the practical part that 
AetioiiB. these antitoxic actions are not all neces- 

sarily of a specific nature. The inflammatory 
tissue-changes show that the products of inflammation — 
leucocytes, lymphocytes and albuminous bodies contained 
in the inflammatory exudate — neutralize the toxin which 
has caused the inflammation; further, the cellular ele- 
ments of the inflammation destroy the toxin by fermenta- 
tive means and by their own metabolism ; lastly, the rich 
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conclusion that there was probably no difference between 
the action of this mixture and tuberculin alone. On the 
other hand, the experiments of Pickert and Lowenstein 

(p. 127) must be taken into account. Em- 
Piekert and ploying the cutaneous test, they claim that 
LSwenitein. ^jjg serum of slight cases, especially those 

that have undergone tuberculin treatment, 
has an antitoxic action. It should also be noticed that 

Schlapfer^^ has found that the cutaneous 
Bohl&pfer. reaction diminishes in intensity daring the 

course of tuberculin treatment. 
I have myself made similar observations, all of which 
point to the probability that under the influence of 
Reasoni for therapeutic tuberculin action, true immuniz- 

Indefinite ing actions of an antitoxic nature take place. 

Resalts of Tests . . 

on Tabepcolin It is true that these positive experiences are 

mmane erum. j^^^ convincing than the very definite anti- 
toxic actions of diphtheria and tetanus-immune serum. 
The negative or indefinite results of the tests on tuber- 
culin-immune serum with respect to its antitoxic action, 
are, however, what would be expected, as the following 
considerations will show. Firstly, according to my con- 
ception, a tubercle-immune serum must also contain lysin, 
as is proved by the possibiUty of a passive transference 
of tuberculin sensitiveness by the serum.^^ Therefore 
complete neutralization of the tuberculin action by a. 
tubercle-immune serum cannot be expected, as its anti- 
toxic actions are sometimes more than counterbalanced by 
the lysin, which produces a toxin from the tubercuhn. 
Thus the conditions are more complicated than in the 
case of diphtheria or tetanus. In addition, it is quite 
arbitrarily assumed by those who test such sera, that 
the antitoxic substances must be present in considerable 
concentration This need by no means be the case with 
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endotoxins chiefly act locally on the tisaae-cellB. There- 
fore, no flooding of the hlood by antitoxins takes place 
as in the case of diphtheria and tetanus, where their 
presence in the semm can be proved, because the 
organism has not undergone any phylogenetic develop- 
ment to such a useless function. 



All these endotoxio diseases are characterized by the iact that the 
fight agaixut the infection is essentially a local one, taking place in 
the tisanes. Tabercnlosis is a typical endotoxio disease and a oharac- 
teristio example of such a local fight. When we see how frequently a 
tubercular focus in one place will heal while a new foons is lonned 
in another situation (occurrence of pulmonary tuberculosis just after 
the complete healing of a tubercular focus in a bone, laryngeal 
tuberculosis in cases of healed pulmonary tuberculosis, Ac), we are 
forced to conclude that the healing process in tuberculosis is essen- 
tially a local event. The process by no means suggests healing by 
means of humoral factors of immunity. This tallies with the view 
expressed on p. 151 that the apparent immunity produced in cows by 
weakened tubercle-virus is not a true immunity in the old sense, but 
rather an immunity due to hypersensitiveness which explains the 
fact that these immunizing experiments on cows are not always 
successful. Other endotoxio diseases such as pneumonia, erysipelas, 
and articular rheumatism are quite analogous to tuberculods in 
respect of immunity. The manner of incidence of these affections 
does not suggest any real immunity. They arise in the same way ss 
tuberculosis and the formation of new foci after healing of the 
primary focus (streptococcal abscesses after healed erysipelas, em- 
pyema after healed pneumonia, spreading of articular rheumatistai 
from joint to joint, persistence of endocarditis after healing of aztioulBr 
rheumatism, &c.) points to the decline of the general defensive farces 
in the local fight waged by the tissues against the toxin causing the 
disease. 

In spite of the uncertain results of experimental 
research, and of serum treatment of tuberculosis, such 
Proofs ftfom considerations prove the existence of an anti- 
Tuberonlin toxin in tuberculosis, which must be reckoned 
a Specific with in the treatment of the disease ; this 

Antitoxin. ^j^^ more as some positive results have 
attended the attempts to prove its existence. 
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The antitoxic action is, however, increased in still higher 
proportion . (of coarse in favourable cases only) ; there- 
fore all manifest signs of reaction, which woold otherwise 
result from lytic action, can be completely avoided by 
careful tuberculin dosage. 

The explanation of deferred reactions on the lysin 
theory has a practical bearing on tuberculin treatment. 

These deferred reactions can only be ex 
Defeired plained by assuming the presence of a 

Reaotioni. certain degree of tuberculin sensitiveness, 

i.e., after tuberculin injection, a certain 
excess of lysinized tuberculin over the antitoxin con- 
tained in the blood, but that this excess is not a large 
one : therefore the clinical actions of the lysinized tuber- 
culin take place but slowly, owing to the anti-action of 
of the antitoxin. Such deferred reactions, although they 
undoubtedly give warning of a surcharge of toxin, 
are not to be feared to the same extent as more 
immediate reactions. Therefore, in such cases, the 
reduction of dose need not be so great as in immediate 
reactions. 

Beraneck '^^ has proved (c/. p. 122) that not only tuber- 
culin but also antituberculin serum (prepared for experi- 
mental purposes by this author) has the 
onTnbercre^ power of weakening the virulence of tubercle- 
BeS*^' k bacilli; this fact is also of importance with 

regard to tuberculin treatment. This 
property of Beraneck's antituberculin serum points to the 
fact that the lysin of the tuberculin, which is of the nature 
of a bacteriolytic amboceptor, has not only a lytic action 
on the endotoxin, but also, like a true bacteriolysin, a de- 
structive action on the vitality and intimate cellular struc- 
ture of tubercle-bacilli. It may not be possible to prove 
that the serum will directly dissolve up tubercle-bacilli 
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obtained in tnbercoliu treatment, can only be made to 
agree with the established value of hjrpersensitiveness by 
assuming the presence of antitoxic actions, hiding the 
hypersensitiveness. 

The lysin theory affords an explanation of the fact 
that the very cases which are highly sensitive to tuber- 
culin often make most progress with tuber- 

Oood RsBiilts 

111 Gmm highly culin treatment, of course with small doses. 
l^hcMiUlfl^ This depends on the high capacity of such 

cases for reaction, by means of which the 
tuberculin injections produce large amounts of lysin, 
causing powerful stimulation of the natural healing 
factors and the specific antitoxic actions. It is quite 
conceivable that these cases might be recognized in advance 
by means of a quantitative cutaneous test (c/. p. 147). 

In closing this theoretical consideration of the treat- 
ment of tuberculosis, one further point must be noticed. 

We have seen that tuberculin in itself is 
HiipiSpeoilleitybut feebly toxic for the healthy, and only 
Beraneok. displays its toxic action when introduced 

into a tubercular body, where it becomes 
lysinized and stimulates the anti-actions of the organism. 
Landmann's objection, therefore, to Beraneck*s tuberculin 
that it is but little toxic for the healthy guinea-pig, is 
illogical. Indeed, its high specificity is proved by the 
very fact that it is practically non-toxic for the healthy 
animal, but has an extraordinarily high toxicity for the 
tubercular organism, a toxicity which causes reactions 
in the human body with the very smallest doses. This 
consideration also confirms the view that many other 
tuberculins in which the difference between the toxicity 
for the healthy and the tubercular is smaller, contain 
substantial impurities in the form of unspecific harmful 
toxins of no value for therapy. On account of its pure 
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from the bacilli ; if the active substance of the tabercle- 
bacilli is really tabercolin, as we have assamed ; lastly, 
if the lysin of the tubercle-bacilli is also the lysin of the 
tubercolin, then it seems only natural that immunity 
to tuberculosis could be obtained not only by injection 
with living tubercle-bacilli of lowered virulence, but also 
by purely chemical tuberculin action. Now there is no 
doubt that in animals a certain limited degree of immu- 
nity can be attained by previous tuberculin treatment. 
The most satisfactory results in this connection have 
been obtained by Beraneck "^ ; he treated guinea-pigs 
with his tuberculin before artificially infecting them, 
and thereby considerably prolonged their lives. In the 
end, however, the animals died of tuberculosis. This 
DoeiTnber- impossibility of obtaining complete immu- 
caUn contain nity to tuberculosis by means of tuberculin 
TabeFole has raised a doubt whether in tuberculin 

Toxin? ^^ really possess the active principle of 

living tubercle-bacilli, and whether Wolflf-Eisner's lysin 
theory can be applied both to the living tubercle-bacillus 
and to tuberculin. I believe, however, that these doubts 
are unjustified, and that the differences between the 
immunizing action of living tubercle-bacilli and dead 
tubercle-bacillary substance can be explained, even 
though it is true that the toxic substance is the same 
in both, and the lysin theory is applicable to both. 

Working on the assumption that the phenomena of 
immunity, seen in Koch's superinfection experiments. 

Difference in ^^^ ^^ Behring's immunized cattle, are 
Action between connected with hypersensitiveness, the dif- 
Tnbercle-bacilli f erence between the action of tuberculin 
on^ one of ^^^ living tubercle-bacilli is seen to be that 
de^*ee. jj^ith the latter pronounced signs of hyper- 

sensitiveness can be easily produced (Koch's funda- 
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immanity by means of tabercalin cannot be obtained, at 
any rate with the present technique. The obstacle is the 
IWonooof ^®^y thing that is aimed at in treatment 
bniwS^u^ in the interests of the patient, i.e., tox- 
BehriBfB immunity to lysinized tuberculin. In Koch's 

pepfMBtt. preYiotis treatment with hying tubercle- 
bacilli (an immunizing infection with tubercle-bacilli of 
low virulence), such a tox-immunity naturally does not 
take place ; herein hes the difference as regards immuniz- 
mg action. This is evidenced by the clinical phenomena 
both in Koch's experiments and in von Behring's immuni- 
zation of cattle. In the former, the absence of tox- 
immunity of the infected and superinfected guinea-pig 
is at once evident by the immediate inflammatory re- 
action to the superinfection. In the case of von Behring's 
cattle, immunized by vaccination with living tubercle- 
bacilli, the absence of tox-immunity, in spite of the fact 
that they successfully resisted the first infection, is 
shown by the acute febrile phenomena produced by 
the second infection before they can definitely throw it off. 

These considerations clearly point to the distinct differ- 
ence between real immunization and an immunizing 
IntithMit be- ^i^e&tment, a difference that Landmann does 
^^H^Tw**^ not acknowledge. We are bound to recog- 
ment and tpae nize a certain antithesis between tuberculin 
°"" ^^ treatment (an immunizing healing action) 

and true immunization. The former consists only of 
smail immunizing actions, but includes tox-immunity, 
which is of importance for therapy. Immunization with 
living tubercle-bacilli, on the other hand, causes no tox- 
immunity, and for this very reason it produces immunity 
by making complete use of the lytic action, by actual 
reactive hypersensitiveness. 

The following, then, is the real difference between 
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as such, but that the lysin is chiefly or entirely elaborated 

in the anatomical tubercular foci from the 
1 SMOBd tissue-cells under the influence of the tuber- 

BzplaaatioiL culin which is contained both in the tubercle- 
bacilli in the foci and in the circulating 
blood. Thus the formation of lysin chiefly takes place 
in an organism with tubercular changes and not in 
the healthy body. This conception is borne out by 
the experiments of Bahrdt, mentioned on p. 170. 
BemitiTeneM ^^®®® showed that tuberculin sensitiveness 
dtm t n l i h jMi by and therefore probably also the lysin-content 
Tnbersnloos of the body is immediately decreased by the 
^^ removal of tuberculous tissue. With this 

assumption, it seems possible that in Heyman's experi- 
ment the hypersensitiveness and immunity are not only 
caused by the slow and regular absorption of tuberculin 
from the collodion sacs, but also by the fact that in 
the neighbourhood of the sacs tubercle-like tissue is 
formed which may be regarded as the focus of lysin 
production. 

We have, then, two possible explanations of the 
difference between the action of living tubercle-bacilli 

and tuberculin with regard to the produc- 
taiiu the real tion of mimumty due to hypersensitiveness. 
To^i?^^ ^ ^^^^ ^^ these possible explanations and of 

the fact that local tuberculin action can 
bring about the formation of tubercles, it is difficult to 
justify the frequent assertion that in tuberculin we do 
not possess the real tubercle-toxin. 

It must be acknowledged, however, that Bomer,^ one 
of the most competent research workers in immunity 
to tuberculosis, both in his earlier and more recent publi- 
cations, has stated his conviction that between the action 
of tuberculin and living tubercle-bacilli there is a differ- 
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formation of tubercles. This it is that stimulates lysin- 
productioD. In the injection of tuberculin, however, 
which is quickly absorbed and causes no local irritation 
of a powerful and specific nature, no such lytic action 
nor hypersensitiveness occurs, even in previously treated 
animals. This explanation deprives Bomer's claim of a 
difference in principle between tuberculin and the toxin 
of living tubercle-bacilli of its significance, and seems 
definitely to contradict such a dual theory, which would 
enormously complicate the pathology of tuberculosis and 
tuberculin treatment. 

Having reached a standpoint which explains the 
difficulties of tuberculin immunization against tubercu- 

PoMlbUity of ^^^^^» ^^^ problem might now be approached 
obtaiiiiiig Im- of producing a high degree of hypersensitive- 
Modified ness, and therefore immunity by some suit- 
Technique. ^^1^ modification of the present technique ; 

for this is naturally a problem of the greatest importance, 
especially for man. (1) It might be thought that the goal 
could be reached by injecting tuberculin very frequently, 
and avoiding variations of concentration, in imitation 
of the action of a tubercular infection, also producing, if 
possible, by means of the repeated injections, the tubercle- 
like tissue changes, which we have seen can arise from 
local tuberculin action. Experiments in this direction 
made by Dr. Stocker in my clinic have hitherto been 
unsuccessful. For this purpose, perhaps, the employ- 
ment of tuberculin ointments may be specially fitted. 
Moro"* has proved that tuberculin is absorbed from 
a tuberculin ointment, and local changes of a tubercular 
nature occur in the skin.^^^ It also appears possible 
that tuberculin or dead tubercle-bacilli in collodion 
sacs might be placed in the bodies of animals, as in 
Heymans' "^ experiments with living tubercle-bacilli, 
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oidinary cutaneoas test. The results of these experi- 
ments have ontil dow been negatiye. 

In any case, with respect to any possible method of 
active immunization by means of tuberculin, one thing 

seems quite certain — that no method can 
prodoe^ be successful which does not produce mor- 

J^jJJJl^jj^ bid symptoms in the individual, due to the 

lysinized tuberculin and hypersensitiveness. 
For the reason why previous attempts at complete im- 
munization by means of tuberculin have been unsuccess- 
ful can only be this — ^that the phenomena of hypersensi- 
tiveness have been either absent or inadequate, possibly 
because the lysin formation has been insufficient, possibly 
because the protective action of the lysin has been paralysed 
by the appearance of antitoxic actions. It seems more 
than probable that immunization against tuberculosis 
must follow the rule of all active immunization in that 
it can only be obtained at the expense of morbid symp- 
toms. For the latter are the expression of the anti- 
action of the organism and in previous attempts at 
immunization by means of tuberculin healthy animals 
have not generally exhibited any definite morbid 
symptoms. 
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Wolff-Eisner's theory of, 132 

Scale of dilution : Beraneck's, 39 ; 
Denys*, 38 
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when to be taken, 58 
Tox-immunity, 5 ; subsequent in- 
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Trichophytosis, immunity to, 152 
Tubercle-bacilli, adaptation of, 163 
Tubercular glands, removal of, 170 
Tuberculides, 79 ; cause of, 159 
Tuberculin: Bera neck's, c/. Bera- 
neck's Tuberculin ; action, defini- 
tion of, 177 ; action, specificity of, 
123 ; active principle of, 112 ; 
properties of, 109; standardization 
of, 119, 181; toleration of, by 
guinea-pigs, 4 
Tuberculin treatment : aim of, 11 ; 
failure of, 2 ; prognosis in, 33 ; 
prophylactic, 87 ; recommence- 
ment of, 54 ; repetition of, 75 ; 
results of, 12; special difficulties 
of, 14 ; temporary breaks in, 73 ; 
value of a mild, 26 
tuberculosis : anatomical, 83 ; spon- 
taneous healing of, 162 

Ubinaby tract, tuberculosis of, 78 

Vaccination of cattle with living 
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Weight, loss of, 62 
Wolff-Eisner's lysin theory, 132 
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